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FOREWORD

This Planning Guide for computer program development was prepared by the
System Development Corporation to fulfill a contract with the 0ffice of
Naval Research, Nonr-4543(00). This Guide is intended to be a planning
aid for Project Leaders at the Naval Command Systems Support Activity
(NAVCOSSACT), partlicularly during their preparation of Planning Estimates
and Project Development Plans. Two preliminary versions (TM=WD=-1954/103
and /104) preceded this document, and these are hereby superseded.

The work leading to this Planning Guide is also part of a continuing study
c¢f programming management conducted by personnel from SDC's Programming
Management Project. The material used in the Guide combines data from the
files of the study members and data gathered at NAVCOSSACT. The material
and concepts in the Guide reflect contributions from both organizations.
Particularly, we wish to acknowledge the assistance and time given by
NAVCOSSACT Project Leaders who participated in the early interviews that
formed part of the data base for the Guide. Also, we wish to recognize
the guidance and contributions of the following NAVCOSSACT personnel:
R. Dolan, B. Mandel, J. Salvail, W, Kent, and E. Wolf. Guidance was

’ also provided by J. R. Simpson, Office of Naval Research.

The following SDC versonnel participated in the work: B. Nanus,
Je N. Wallace, R. S. Stelnert, V. LaBolle, N. E. Willmorth, and L. Farr.
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ABSTRACT

This document offers a systematic approach for planning projects

to develop computer-based information systems. The primary

emphasis is placed on the computer program portion of such

systems. A descriptive model of the development process forms

the basis for a set of prescribed planning and management tasks.

The model includes eight phases: (1) System Anaiysis, (2) System

Design, (3) Program Development, (l4) Program Coding, (5) Program

Checkout, (6) User Documentation, (7) User Training and Assistance,

and (8) Turnover. Each phase is further divided into tasks and

subtasks for the purpose of more clearly understanding the elements

of the development process. A detailed sequence of planning

activities provides guldance for planning, scheduling and costing

the tasks that comprise the development process, and forms are

‘ supplied to record the planning results and to serve as checklists

s for the required work. The forms and procedures also provide a

; basis for project control and for collection of data that may be
used to improve estimates based upon experience. Although this
Guide was prepared for use at the Naval Command Systems Support

{ Activity, the material can easily be adapted to apply to

- rrogramiing in other organizations.
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I. INTRODUCTION

This Planning Guide is intended as an aid for managers of automatic data
processing (ADP) development efforts. To help a manager plan for development
of computer programs, the Guide supplies techniques and advice on how to
sequence the work and estimate the costs and schedules. The nature of
program development is depicted to identify its influence upon the job of

the technical manager. Although the Guide was prepared for use at the

Naval Command Systems Support Activity (NAVCOSSACT), the material applies

to planning for a much broader spectrum of programming in other organizations.

A. THE SOURCE OF INFORMATION

As a relatively new discipline, computer programming lacks proven,
systematic techniques for planning and comparing the planned efforts
with completed efforts. On the other hand, considerable experience

has been amassed, and this Guide extracts and organizes elements of

this accumiated experience. More specifically, the Guide synthesizes
analyses of programming experience at NAVCOSSACT and other organizations
and divides the programming process into 36 tasks, A generalized example
of how to plan for these tasks is given. For example, a Gantt Chart
shows the time sequence of the tasks.

B. THE AUDIENCE

The Guide provides advice on how to plan the development of a program
system. At NAVCOSSACT, such an effort is known as a Project and is
managed by a Project Leader. Therefore, the contents of this Guide
are addressed primarily to Project Leaders at NAVCOSSACT and, to the
exteat that similarities exist in the work of other programming
organizations, the remarks are then also addressed to the Project
Leader's counterpart. The Guide may well be heipful to other levels
of programming management as well as to users and buyers of computer
programs,

Although the primary aim is to provide guidelines for planning a pro-
graming project, i.e., an effort that results in delivery of a computer
program to a customer, the Project Leader will find some of the initial
steps useful for both planning and conducting a feasibility study of the
proposed effort. As he progresses through the preliminary analysis and
design tasks called for in planning, he will recognize the specific
requirements and assess the feasibility of meeting them.
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C.

ORGANIZATION OF THE GUIDE

Some of the organization and the vocabulary used in the Guide reflect
current guidance for programming managers within NAVCOSSACT. In addition
to interviews and data gathered at NAVCOSSACT, the primary reference is
NAVCOSSACT Instruction 5230.1A, Project Management Manual, 17 July 196k,
To facilitate the possible use of this Guide in other ~~ogramming organe
izations, the various terms, documents, and procedures .nat are unique

to NAVCOSSACT have been explained in the text, particularly in Section II,
Background, which provides several kinds of material:

. translation from the NAVCOSSACT framework to a more general environment
for computer program development;

. & generalized concept of computer programming to establish a common
ground with the reader. Included are some characteristics of computer
program development and computer programs as products and their
implications for the manager of program development; and

» some additicnal terminology for NAVCOSSACT readers to help them interpret
the advice in the Guide.

Following this background material, Section III, Using the Planning Guide,
provides a step~by-step procedure for developing a Project plan. This
section introduces the various aids that are contained in the remainder
of the document, such as forms for recording planning information.

Section IV provides some specific guidance on how to 2stimate the verious
resources and the elapsed time needed for computer program development.
It also lists factors that influence computer programming costs and shows
their influence on various tasks that constitute program development.

Each of the remaining sections, V through VII, corresponds to one of
three broad activities in computer program development at NAVCOSSACT.
These activities, labeled Analysis and Design, Program Iuplementation,
and Support and Turnover, are in turn divided into Phases to further
describe that particular activity.

AFALYSIS AND DESIGN ACTIVITY

System Analysis Phase
System Design Phase

PROGRAM IMPLEMENTATION ACTIVITY

Progran Development Phase
Program Coding Phase
Program Checkout Phase
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SUPPORT AND TURNOVER ACTIVITY

User Documentation Phase
User Training and Assistance Phace
Turnover Phase

The sections V through VII are organized alike. First, an introduction
outlines and describes the purpose of the broad activity, followed by a
review of the work in the Phases, and then typical technical management
problems and cost factors are discussed. In addition, the task descriptions
that constitute the bulk of each of these sections are previewed. These
task descriptions, called Check Sheets, are provided in a format modeled
after a typlcal computer program transfer function. That is, the Check
Sheets provide a statement of Inputs, Subtasks, and Outputs for each task.
In addition, they include statements about the Environment in which the
task will be conducted as well as specific factors that influence the cost
of performing this task. For easy reference, each section of the Guide,
as well as the Check Sheets for each Phase, have index tabs.

MAINTENANCE AND USE OF THE PLANNING GUIDE

Although tiie Guide is intended principally for planning, the text and forms
provide a means for continuous control of a Project. Actual progress on

a Project and the corresponding expenditures of time and resources may be
compared to plans to determine if changes are needed.

Such changes are "normal" in programming efforts because of the relative
absence of systematic, reliable techniques for prediction. Based upon
this lack, the themes or the generalized advice for the planner in this
Guide are:

plan in detail,

review and revise plans frequently, and

coordinate plans, both new and revised, with support organizations
within NAVCOSSACT and with the system user.

To help the planner make numerical estimates, quantitative rules of thumb
are given throughout the Guide. Based upon experience, these rules lack
rigorous validation under controlled conditions, and the reader is cautioned
to temper them with his own judgment and experience when he uses them,
Information on the relative success of these rules is supplied when it is
available. Use of the Guide and the forms provided is one way to accumulate
detailed data to characterize programming experience. After sufficient
data have been recorded for many Projects, they may be analyzed to derive
quantitative planning factors that could be inserted in modifications of
the Guide. An example of results from analysis of this type is shown in
Section IV, Guidelines for Estimation.
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s.1ce this effort to set down planning principles for computer program
i~ -alopment is essentially vart of a learning process, the contents o
the Guide are subject to change. (The looseleaf format permits pages to
be inserted or removed easily.) Such changes miy result from:

a., the development of new insight into the programming process,
b. changes in requiremunts for programs, and
¢. advences in technoiogy such as new computers or programming techniques.
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II, BACKGROUND

To make the best use of the Planning Guide, the reader should have some under-
standing of the concepts on which it is based, Therefore, this section presents
background material on:

. Some characteristics of computer programs and programming projects, both in
general and in particular, at NAVCOSSACT, and

. Some factors that contribute to the difficulty of programming management.
A. ASSUMPTIONS FOR THE PLANWING GUIDE

In preparing this Planning Guide, certain assumptions were made about the
development of program systems., These assumptions, some of which are
elements of the programming process, management structure, and policy now
used at NAVCOSSACT, are as follows:

. The production of a program system should be organized as a Project
with a series of Phases (System Analysis, System Design, Program
Development, Program Coding, Program Checkout, User Documentation,
User Training and Assistance, and Turnover) composed of tasks and
subtasks. This model conforms to the way in which program development
is organized at NAVCOSSACT and does not differ in any major way from
practice in other programming organizations.

. A Project begins with the receipt of a Project Request,* that may be
preceded by gross requirement a walyses, feasibility studies, and over-
all system design, and ceases with the acceptance of the system by
the customer after a shakedown period.

#Project Request--a document submitted by a user indicating the objective,

the concept of operation, the tasks, the security classification of the
desired data-processing cepability. The document also calls out the earliest
date the capability could be accepted, the latest date for turnover and an
optimum date. Theae Requeats trigger the planning process at NAVCOSSACT,
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» A programming Project exists in a dynamic environment, requiring
that such documents as Project Estimates,* Project Development
Plans,** functional descriptions, and other statements of system
requirements and program specifications be kept up to date.

. Advice for the Project Leader should be devoted to actual program
development, e.g., evaluation and feedback on completed work,
shifting forces as tasks prove difficult or easy, etc., rather
than being devoted to basic and concurrent supervisorial tasks
such as training and personnel evaluation.

+ Documentation of programs and programming should be encouraged in
intermediate as well as final stages, to:

a. increase the tangibility of work results;

b. promote continuity of work;

¢, create a file of program designs, development techniques, test
plans, etc,, for future use; and

d. promote continuity of information and its communication in systems
following an evolutionary design and implementation plan.

+ Review, validation, and inspection of products should be stressed to
insure proper performance and compatibility with other systems and
products affected by their design and operation.

B. SOME CHARACTFRISTICS OF INFORMATION PROCESSING SYSTEMS AND THEIR DEVELOPMENT
Consideration of the nature of information processing systems and their

development will help the Project Leader to plan. Projects to develop
computer program syctems are characterized by the following:

*Proiect Estimate--a document prepared by a Project Leader containing
estimates of dollar costs, man month costs (contractor and in-house),

computer time, a gross schedule (total elapsed time) and NAVCOSSACT rating
factors for Project complexity (see NAVCOSSACT Instruction 5230.1A). This
early document is used primarily to obtain management agreement to proceed
with the Project.

**Proéect Develo%ent Plan--a more detailed forecast dividing the Project
work into the eight 8es vith schedules and manpower estimates for each.
Number of instructions, computer time, and dates for key milestones are
estimated. This document is used as a basis for status reports once the

Project is undervay.
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. The products are, by and large, intangible. That is, they are
procedures and algorithms, ideas and concepts, organizations and
flows, efficiencies and optimizations rather than hardware.

The products are intimately related to the operations, and mode
of operation, of the system user.

The user, in many cases, may not have a clear idea of precisely
what he needs when a Project begins, may be unable to communicate
the need to program developers, or may be reluctant to release the
information for security or proprietary reasons.

1 Program system products and programming processes are subject to
frequent change,

A program system typically takes a long time to design and produce,
and consequently suffers from loss of information through obsolescence

12 and turnover of personnel.

These characteristics are the sources of many problems inherent in the
development of program systems:

; (. . The intangibility of programs and procedures makes it difficult
: " to evaluate the product that has been produced.

. Ambiguity in specifications makes comparison of systems and system
features indecisive and leads to disagreements over whether the
product realiy satisfies stated requirements and specifications.

e ® . Ambiguity in statements of work leads to the failure to recognize
; the importance of. individual tasks and the impact that poor perform-
i ance in a task ma&\have upon others,

. Intangibility and ambiguity result in overemphasis upon tasks that
lead to visible "hard" products and underestimation of the difficulty
and cost of less tangible tasks such as "supervise," "coordinate,"
and "evaluate,"

R A LN e

One way to resolve uncertainty and to provide tangitle products for
programming activities is through documentation., Some tasks have
documentation built into them ("develop tests," "tlowchart," "specify"),
and others may be designated as documentation tasks oy requiring reports
("produce user documentation"). The number of difterent types of
documents usually depends upon user needs and the policy and work
procedures in the programming organization, How much documentation a

G e YL

. Project will require depends upon its complexity, size, duration, and
changeability, and is partially determined by the individual Project
‘3 Leader. Although a theme in this Planning Guide is thorough, accurate,

B o
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and up-to-date documentation during program development, the danger of
developing large amounts of expensive, useless documentation exists.
Theretore, managers must determine the usefulness of various document
types and their content; but, in general, too little documentation is the
problem in programming rather than too much.

CHARACTERISTICS OF COMPUTER PROGRAMMING PROJECTS AT NAVCOSSACT

The sequence of work to develop a computer program may be divided and
labeled in different ways. But, when these various descriptions are
examined in detail, they are quite similar. Chart I is a model in block
diagram form of the computer program development process as it is viewed
at NAVCOSSACT and described in this Guide. The diagram illustrates three
major Activities: Analysis and Desigu, Program Implementation, and
Support and Turnover, Within these broad areas are the specific sub-
ordinate activities that constitute the process. The subordinate
activities are known as Phases, at NAVCOSSACT, and are so termed in this
Guide. The Phases are grouped within the major Activities as follows:

1. Analysis and Design Activity

. System Analysis Phase--the investigation of an information
processing problem, particularly the need for a new ADP
system or a change to an existing one and the conditions that
may surround the development.

. System Design Phase--the creation of a scheme, or ADP design, to
satisfy the requirements of the user.

At NAVCOSSACT, this Activity also includes the Requirements and Feasibility
Studies,

2. Program Implementation Activity

. Program Development Phase--the actual design of the programs,
progran system test, and program and system files.

. Coding Phase--the production of computer instructions to implement
the program designs.

. Checkout Phase--the inspection and test of the coded programs to
insure that they satisfy both design specifications and operational
requirements.
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3, Support and Turnover Activity

. User Documentation Phase--the ongoing documentation of the system,
in the form of manuals or reports, and the preparation of formal
documentation.

. User Training and Assistance Phase--planning for and assistance
in the indoctrinatlon of the user into the use of the system,
This Phase also includes the collection and conversion of system
data, which at NAVCOSSACT is a user responsibility.

. Turnover Phase--the turnover of the program system to the customer
and the shakedown of the programs in their operational environment.
This work is shared with the customer, but NAVCOSSACT assumes the
major responsibility, The word "Phase" implies a time sequence of
these types of work. In general, this is true for the process of
program system development, but some Phases, such as User Docu-
mentation, require continual work during the entire process, In
some sense the time-sequence connotation of the word "Phase" still
applies, since the time roughly indicated for this Phase would be
a period of increased intensity for documentation,

Within, or supporting these broader Phases, many other major efforts may
be needed, such as:

. The production of utility and support programs.

. The development of using and operating procedures,

. The conduct of simulation studies,
CHARACTERISTICS AND TRENDS OF PROGRAMMING AT NAVCOSSACT
During preparation of this Guide, certain characteristics and trends were
noted at NAVCOSSACT. To some extent, these are rot unique to that organi-

zation, but reflect patterns of growth in other programming organizations
(particularly in the government), as well as general trends in automatic

data processing.

1. Characteristics

. Progrem development only pert of the total activity. Although
program development is the central core of the work, other
significant resource-consuming activities are also carried out.
Thus, at NAVCOSSACT, the term "Project” refers to many eftorts
besides program development, e.g., operation of the Navy
Information Center (NAVIC) cowputer and research and development
work on programming standards.
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A diversity of users. Requests for programs come irom many
widely dispersed sources, '

A large number of small Projects, Most efforts appear to be

small, in terms of machine-language instructions (e.g., less
than fifteen thousand) and number of persons involved (e.g.,
less than twenty).

A growing organization with a division of the labor force.
Continuing growth results in a shortage of trained personnel.
In government organizations such as NAVCOSSACT, the labor force
may consist of a mixture of contractor personnel, Civil Service
personnel, and military personnel. Also, at NAVCOSSACT,
reliance on outside help has caused Project Leaders to act as
monitors of contracted Projects.

A fixed array of computers. The basic computers now and for the
near future are relatively fixed, e.g., at NAVCOSSACT, the basic
computers are the IBM 1401, IBM 7090, AN/FSQ-20, CDC 1604 and

CDC 150 (or models of thems.

Many reprogramming efforts. Many programming eflorts require

one data-processing capability at one operational center to be
adapted to serve another center and/or the conversion of programs
from one machine to another.

Many revisions of existing programs. Feedback from users and
changes in procedures demand modifications to existing programs.

A "service bureau" policy. To provide program and development
services to a large number of users, the organization must try
to preserve its resources, To bound the ADP development process,
an organization such as NAVCOSSACT defines maintenance as a user
responsibility. Also, as indicated earlier, the extent of
NAVCOSSACT participation during development is bounded; e.g.,

the user is primarily responsible for a potentially significant
task--Data Collection and Conversion,

Trends

A reduction in software diversity. Despite the rapid expansion
of ADP into many new [ields, programming languages and tools and
application programs have tended toward a common information.-
processing technology that cuts across areas of application., As
a result, the stockpile of standard programs and programming
techniques grows, and more work can be done to satisfy the need
to transfer programs from center to center and convert programs
from one machine to another. For example, NAVCOSSACT has used
similar programs at more than one center and has standerdized
with a single programming language.
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. A growing adaptability to change. Programming techniques that
permit more generality and flexibility are being developed to
ease the accommodation of change. For example, at NAVCOSSACT,
the data base has been "divorced" from the programs to permit
quick changes to it.

. A trend toward integrated systems. Although many applications
still call for independent programs and will undoubtedly do so
for some time, there is & trend toward integrating computers and
program systems into operations. For example, even independent
programs imust operate under executive program control and com-
municate with centralized data base structures, With increasing
use of computers on-line via data links, communication networks,
and multiprocessors, an ircreasing number of multipurpose, multi-
service, multiuser centers may be expecled, with increasing demands
on programming organizations such as NAVCOSSACT for tightly
integiated computer programs to operate within these centers,

. A continued growth of ADP. The actual and projected use of
automatic data processing continues to grow in all areas of
operations. For NAVCOSSACT this has meant a growing number of
Project Requests that, combined with the shortage of available
resources, leads to the use of a priority system and the "mothe
balling" of low-priority projects for short periods of time,

COMMUNICATION AND COORDINATION IN TECHNICAL MANAGEMENT

The preceding material provides some background on the process and the
products of programming. In this brief discussion, the Project Leader's
Job is examined, particularly in terms of how it intersects with the
more elusive aspects of programming that do not yield hard products.

The uncertain operating environment of computer program development needs
extensive and intensive communicetion, coordination, and control., The
Project Leader must actively seek information, encourage and provide
coordination and communication, and solicit feedback on every decision,
Documentation appears again as a prime tool to promote feedback and
verify information as well as to record and transfer experience and
information.

In a Job characterized by continual change, few standards, and fewer
techniques for estimating costs, control is particularly difficult.
The Project Leader cannot specify exactly what is to be produced, or
precisely what must be done; as a result, he cannot easily evaluate
completed work, Nevertheless, he must establish some mechanism for
insuring thut everything is done that should be, and that things that
are not essential are not, Further, he needs a way to control, or at
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least to know about, all changes, Precise documentation, extensive
personal attention, and insistence upon coordination and concurrence
procedures for all designs, procedures, and changes thereto are his
management technigques.

The Project Leader must be aware of, integrate and couordinate major
interactions or interdependencies among the following:

Tasks--the processes necessary to produce the system, Failure to
recognize the importance of the individual tasks and their impacts
upon one another is common and invariably leads to slipped schedules
and degraded products.

Organizations--the people and agencies whco are banded together to
produce and use the system--the customers and the hardware and
software developers. Although cost of the program system may be
only a small part of the total system cost, the success of the
entire system depends upon an ellective program system, Program
design and operation reflect (1) the design oi' equipment such as

the computer, communication devices, and weapons, and (2) the
information-processing policies and procedures in the using organi-
zation and others with which the program system interfaces. These
design dependencies demand coordination contacts by the Project with
equipment developers, using organizations, and interfacing organiza-
tions, Face-to-face interchange must supplement documents to overcome
the language barrier that otften exists between user or equipment
development personnel and system analysts in the Project.

Products--the programs themselves and their corresponding documents,

In using ADP, part of the trend toward integration of information
processing using computers, computer programs, and communication
equipment, particularly integration of many centers with on-line

use of computers, is increased program system size and complexity.
Interaction among programs in & program system is a factor frequently
overlooked or underestimated in Project planning and costing., Such
interactions call for increased coordination and communication between
programmers working upon the individual programs that interface.
Increased work for analysis and design is also needed, as well as the
additional code to handle the communications among programs, In large,
complex programs, this part of the program system for functions such
as control and housekeeping may be & high percentage of the total code.
Finally, larger, longer, and hence more expensive tests are needed to
check out programs, subsystoms, and the total program system.
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TERMINOLOGY

This Planning Guide uses many of the technical and managerial terms in
the NAVCOSSACT Project Leader's Guide (NAVCOSSACT Instruction 5230.1A).
In addition, the following common terms not defined in the reierence are
det'ined here for all readers:

.: Routine--a section of code (computer instructions) in a program that
performs some identifiable function and that is organized and identified
as a logical entity.

. Program--a set of one or more routines or sections of code that perform
some identifiable function or set of functions and are organized to
operate as a self'-contained unit.

. Program Subsystem--a set or subset of one or more functionally inter-
dependent programs that operate together to perform a more or less
self-contained data-processing task or phase within a larger system
of program or other system components.

. Program System--an interrelated set of one or more programs or program
subsystems that perform the automatic data-processing functions of a
system and are identified as belonging to the set. Routines, subsystems,
and systems often relate to one another, through the operation of a
control or executive routine, program, or subsystem.

. Program Test--the application of a set of data and procedures to a
program to assure the developers that the program will operate as
specified (alsv known as a parameter test and "debugging”).

. Program Subsystem Test--a test of a subsystem to insure correct
communicution between the various interdependent programs that comprise
the subsystems.

. Program System Test--a program test applied to a total system of
programs, often, but not necessarily, in a live environment, using
"live" data (data generated during the actual operation of the system)
to assure that various programs interact as specified and required, to
determine if operational requirements tor information processing are
satisfied, and to evaluate ease of use and maintenance.

. Program System Date Base--central data files, excluding tables and
constants that are used only by individual programs and so are not
stored centrally., .

Following these background remarks on the nature of program developmeat,
its characteristic problems, and the more difficult parts of a Praject
Leader's job, Section III provides a recommended procedure that outliues,
step by step, how to use this Guide to plan a programming Project,
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A.

III. USING THE PLANNING GUIDE

PLANNING A PROJECT

The objectives of Project planning are (1) to state, in some detail, the
intermediate and final products of the Project, the work needed to develop
these products and the expected conditions under which the work will be
done, and (2) to estimate the kinds of resources needed and their costs

in terms of elapsed time, manpower, and machine hours.

To plan a Project, in addition to specific knowledge of the job to be donme,
the Project Leader must know, in general, what to plan for, what sources

of information he has, what aids he has to help him plan, and what proce-
dures he should follow in planning. To help meet these needs, the Planning
Guide (1) describes the contents of plans in terms of schedules, cost
estimates, and product lists, (2) suggests sources of planning information,
and (3) presents in this se::ion come planning aids, e.g., forms, and a
procedure for planning.

THE OUTPUTS OF PLANNING

The planning procedure outlined below carries planning for a programming
project from its inception to the point where a detailed plan exists for
the productigh of a system. As mentioned earlier, well-defined procedures
do not exist/ for formulat’ag an effective plan by using only a statement
of requirements. The absence of such techniques means that to develop a
plan, work must be done to define or analyze the particular information
processing problem and even some work must be done to design programs

that solve the problem. In addition to its contribution to planning,

work of this type constitutes the first activity in program development,
i.e., System Analysis and Design. Generally this work proceeds in iterative
stages--first analysis then design.-in which the detail increases and
variou. alternatives are rejected at various decision points. At NAVCOSSACT,
three major decision points and allied products are identified: first, a
gross estimate of system feasibility and overall costs; second, an estimate
of more detailed system requirements and a plen for system development;
and, third, a detailed design for the system and a plan to produce it.
Planning does not stop at this point; a Project Leader must take many more
plans to detail the actions of his Project, and the existing plans, always
subject to change, must be maintained. The issuance of tnese plans,
however, may result in a management action to cease planning and develop-
ment at any of these major decision points. At NAVCOSSACT these plans
mark the following decisions:
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1. Planning Estimate

As 8 result of a preliminary analysis of the Project Request and the
work expected, the decisions that might be made are:

» The system implied is desivaehle and technically and economically
feasibl: and, tentatively, can be develoved using internal resources.
A rough estimate of Project duration and cost is made and more
detailed analyses of raquirements are undertaken. At NAVCOSSACT,
this statement, called the Planning Estimate, must be prepared
within 60 days following receipt of the Project Request.

. The system is feasible, but cannot be produced with the available
internal resources. Both the Planning Estimate and & more detailed
analysis of requirements are used to prepare a statement of work
and a request for proposal by &n outside contractor.

. The system is not feasitle. A report of nonfeasibility is sent ’
to the system requestor and the planning ceases.
2. Project Development Plan
v
As a result of more detailed analyses, a gross inventory of system LS

requirements, functions, and environment is generated, and either the
Project Leader or the selected contractor prepares a Project Develop-
.. ment Plan that presents:

« A gross estimate of system development and implementation requiremenus,
» A preliminary flow diagram for the system.

. A tentative schedule for the Project.

. A tentative estimate of the manpower and computing time required
to produce the system.

On the basis of this more detailed analysis, the decisions to be made
are:

. The system is technically and economically feasible and desirabdble
and planning should continue. If appropriate, a contract is let.

. The system is not feasible or desirable and development and
planning should cease.
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3. Project Implementation Plan

As a8 result of the completion of the System Analysis and Design
activiii 3, a set of detailed plans for the production of the system
is made includi..g:
Specifications of system requirements.
. Spec. "ications of the sysiem design,
. Bvaluation of systew implementation requirements,
, . Schedules for sysiem production.
. Cost estimates for system components and system production tasks.

On the basis of these, it is decided that:

. The proposed system design and implementation plan are satisfactory
and the implementation of the system is initiated.

. The proposed plans are not satisfactory, but may be modified until
’ they are acceptable.

. The proposed plans cannot be made satisfactory and development and
planning should cease.

C. INRUTS AND AIDS TO PLANNING

The planning procedure assumes that the Project Leader has the following
aids:

1. A Project Request

A customer's statement of need and requirements that contains a general
description of the system to be planned and the problems it must solve
for the customer; the statement includes the user's indication of
objective, operational concept, tasks, and se.urity classification of
the desired dsta-processing capability. The document also states the
dates of earliest acceptance and lacest turnover,

2. A Model of the Program Development Process

Sections V, VI, and VII of this Planning Guide contain Check Sheets
that describe, a model of the program system development process, in
terms of inputs, tasks and subtasks, expected ocutputs, and environ-
mental factors. The process hes been divided into a hierarchy-«three

’ activities consisting of eight phases, each divided into tasks and these
in turn divided into subtasks.

e s g s e G s i e s
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*
3. A Project Summary Sheet

Charts II and III present a suggested form for recording Project
planning information as it is derived. One section of the form is
used to record general descriptive information about the Project--its
identification, its description, its environment, its operating condi-
tions, its size, and various assumptions concerning the production of
the system. The second section of the form is used to record the
time and cost estimates that are made for each of the major tasks and
phases of the program system development for the particular Project.

*
4. A vomputer Progrem Planning Sheet

Charts IV and V present suggested forms to assist in the detailed
costing of designing, coding, and checking out individual computer
programs, a&s well as an integrated set of these that constitute a
system. The form shown in Chart IV is divided first into three parts--
Program Development, Program Coding, and Program Checkout--that represent
the major products and activities in the production of a program. Each
subpart is divided into a description of the product or activity, and
a series of major tasks to be performed in producing each product.
Information derived using this form for each program comprising the
Program System is totaled and summarized on the Project Summary Sheet.
For large program systems, several programs may be tested together
prior to test of the total system. Chart V, Program Sy 2=m Planning
Sheet, is a form for recording planning information for ; wgram sub-
system and system checkout.

5. Access to Previous Experience

Much of the analysis and costing of a program system will benefit from
experiences with similar systems and progrems. Because costing and
scheduling of computer programs are presently subject to large errors,
access to and use of such experience in planning will usually result
in more accurate estimates. Sources of such information are the
personal experiences of the Project Leader and his colleagues (such
as other Project Leaders and Project members), files of previous and
current Projects, summary descriptions and evaluations of completed
Projects, technical jJournals and books, and documentation of Projects
from other organizations (e.g., technical reports, -lans, schedules,
and actual costs and experiences in producing the systems.

*
Large copies of these forms, suitable for actual use, are included at the
end of the Planning Guide.
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Intermediate Products of System Analysis and Design

As the Project progresses, it produces much information that is
relevant to Project planning. The processes of system analysis and
design produce analysis of user's requirements and environment,
program requirements and data enviromment, production requirements
and enviromment, and design specifications for the system, for
programs, and for file and data structures, plus many less formel
products such as trip reports, conference reports, correspondence,
and other documents.

Planning Instructions

The Project Leader's management nmust specify how the leader is to

plan. It should specify how the leader and his organization must
interface with others, what reports are to be made, what forms must

be completed and sent out, and what his other responsibilities and
coomni tments are. At NAVCOSSACT, the Project Leader's Guide (NAVCOSSACT
Instruction 5230.1A) and this Planning Guide provide general instruc-
tions on the way Projects are to be planned.

THE PLANNING PROCESS

The plenning process recommended is detailed in this section of the
Planning Guide. The sequence of steps outlined tells how to use the

Check Sheets contained in Sections V, VI, and VII; explains how to complete
the Project Summary Sheets, the Computer Program Planning Sheet and the
Program System Planning Sheet; and describes the other activities and
products produced in the planning process. This process is assumed to
occur over a period of time during which work on the Project proceeds.
Therefore, the planner will find that the sequence of planning steps
includes or is intermingled with much of the work described in Section V,
The System Analysis and Design, and in the Check Sheets for these Phases.

The sequence of the principal planning tasks detailed below is:

1. Preliminary Analysis

2. Information Collection

3. Gross System Analysis

4, Preliminary Program System Design
Determination of Work Tasks
Schedule Estimation
Preliminary Review
Obtain Concurrence
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PLANNING TASK 1. PRELIMINARY ANALYSIS

Evaluate available information to determine how much more information must
be collected, estimate the cost required to coliect and analyze it, and
make a gross estimate of system size and implementation costs.

The steps to be taken are:

Step 1. Begin to complete the Project Summary Sheet (using the form

provided at the end of the Guide) by recording the Project
Jdentification from the Project Request:

. Request code and date
. Request title
Requesting organization
Requesting letter reference number
Division assigned responsibility for the Project
Project Leader's name and date assigned
. Contractor and contract date

Obtain, in addition to the actual Project Request, other
information, such as:

+ Requirements for the proposed computer program system,

Proposed information processing, e.g., logistics planning
or weapons control that will use the program system.

User's enviromment (present as well as future) including
mission statements, organization charts, physical location
of facilities, operational functions, and mode of operation,

Proposed system hardware including the computer, input and
output equipment, and communications networks.

Requirements for tests, inspections and/or demonstrations of
the system.

Location and availability of the computer to be used during
development.

The names and descriptions of hardware components that may
interact with the progrem system.
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Step 3.

Step L.
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. The number and locations of stations and organizations that
will use or participate in developing the system.

Record on the Project Summary Sheet the ProJject Description:

Statements of the missions and objectives of the system,

. Description of the using organization and the placement of
the program system within its operation.

. The primary functions the system is to perform,

Record on the Project Summary Shee“ the System Environment:

. The names of "super" (or larger) systems that include this
system as part of their functioning.

. The names of systems that interface with this system, feeding
information to it or receiving information from it.

. The nanes of similar systems that have been developed by
NAVCOSSACT or others.

Determine and list, briefly, the information that is at hand and
that must be obtu.ned. Estimate the effort to collect the
required information, and, consequently, the costs of performing
the first five tasks of System Analysis as described in the
Check Sheets. These estimates are to be entered on page 2 of
the Project Summary Sheet.

At this point, complete the Planning Estimate by making grosé
estimates of:

» Total cost

» Total program system size

. Data base size and structure and storage

. Relative complexity of development requirements

. Progrem system complexity

. Percentage of time to allot to the various phases

« Project staffing and duration
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Step 5.

Step 6.

e R TSR o T

3k T™-2314/000/00

Make a recommendation on whether or not (1) the system is
feasible, (2) it should be contracted, and (3) planning should
be continued.

Coordinate the review of the Planning Estimate and the decisions
on the recommendations in Step 5 above and revise the Planning
Estimate and recommendations to incorporate the results of the
review. Cease or continue planning, according to the decisions
made.
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PLANNING TASK 2. INFORMATION COLLECIION

Collect information (from the user and other sources) about the proposed
and existing system and its environment, equipment configurations, and
modes of operations, and about system production requirements.

The information to be gathered in this planning task is similar to, but
less detailed than, the information required for the actual system decign.
For an internal Project, this information represents the beginning of
system analysis. For a Project to be contracted, it represents the
information necessary to formulate a statement of requirements and a
statement of work for a contract proposal request.

The steps to be taken are:

Step 1. Contact the user or Project requester, hardware manufacturers,
and other development agencies, as necessary, and arrange for:

« Conferences and briefings

. Security clearances and access to information
The collection and transmittal of pertinent documentation
Visits to existing installations

+ Interviews with user personnel

Enter the names of contacts on the Project Summary Sheet.

Step 2. Conduct conferences and briefings, interview users, and observe
current operations. During Steps 1 and 2, look tor the
following problems and clues to both design requirements and
improved planning estimates (see Check Sheets for System
Analysis, Tasks 2 and 3):

R A 2 | e e e e e

. Existing and potential system inefficiencies

AT i g

« Possible approaches and or methods of attack for design of
the total system or parts of it

« Possible problem areas, such as functions that will be
difficult or costly to program

g WA T P e

. Possidble interaction problems such as points of friction,
e.g., users or other organizations participating in the
Project that seem reluctant or unable to provide information
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. Especially easy areas of development, e.g., possible use of
(1) routines or programs from an existing system, (2) other
systems or libraries, and (3) other design or programming
techniques that may be directly applied. In these cases,

try to get the specific products to actually assess the ease
of transfer.

Step 3. Determine the computer to be used in producing the program

system (see Check Sheet for System Analysis Task 4) and make
gross estimates of:

. Turnaround times
. Priority and work loads
. Procedures and operating system
Step 4. Identify similar and interfacing systems (see Check Sheet for
System Anslysis Task 5) to determine possible processing

requirements and constraints and to identify routines, functions,

- and data files that might be transferable and/or furnish & basis
& for costs.

kil BRGSO 2

- ¥
W
¥
Ao




TM-2314/000/00

10 May 1965

PLANNING TASK 3, GROSS SYSTEM ANALYSIS

From an analysis of the information gathered, design and evaluate a
preliminary model of the operr*ional system, Determine system size and
complexity more accurately and evaluate the expected equipment config-
uration and usage.

This analysis mst be detailed enough to provide material for a contract
statement of work and to permit evaluation of proposals. The work is
an iteration of System Analysis Tesks 2, 3, 4 and 5. Therefore, inputs
will be preliminary results of the earlier work done in these tasks, In
this planning task, the Project Leader (with substantial contractor help
in case a contract is let) produces a Project Development Plan.
’ The steps to accomplish this analysis are:
Step 1. Prepare preliminary descriptions of:
. 'The existing system
« The existing user organization for related information flow
(: : . The proposed system
. The proposed user organization for related information flow
+ System inputs and outputs
« Operationsl functions and the proposed mode of operation
. The proposed equipment configuration
Lt . System interfaces
‘ . Available programming tools and facilities

Step 2. Issue these descriptions for review and also as part of a
Request for Proposal when contract help is sought.

Step 3. Summarize the planning information obtained on the Project
Summary Sheet:

« On page 2, enter estimate the costs of performing System
Analysis Tasks 6 and 7.

) . In Manning Assumptions,enter estimates of experience and
skills lavels required to perform the various tasks, and
( names of key persounel who are needed for successful Project

conduct,

RN e gt i
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Step 4.

Step 5.
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« In Lead Time Assumptions, enter notes on key events or
conditions such as elapsed time to reach assumed levels of
manning or training, expected delivery dates for computers and
any other key equipment, or delivery dates for compilers and
operating systems.

In Contacts, identify individuals who will represent the
various agencies involved in this Project.

Determine the computer and support program requirements and
availability and enter the following under ter Us on
the Project Summary Sheet:

. Computers to be used for progrem production and test and
their location.

. Programming language and operating system to be used.

. Expected date of first use of the computer, the probable
maximum usage of the machine, and desired turnaround time.

In the Comments column, note the following and other relevant
information:

. Evaluation of the reliability of the computer and pro-
gramming tools.

+ Probable competition with other uses of the computer,
and the priority of these Projects or activities.

Coordinate the review and approval of the above analysis
vork and/or contract proposal and issue the Project
Development Plan,

The Project Development Plan is a more detailed and accurate
forecast than the Planning Estimate and contains an estimate
of the calendar time, the effort in man months, and other
quantities related to Project progress. It lists starting
date, completion date, man months allocated, and progress
indicators (quantity required and unit of measure) for each
Phase in the Project Development Plan. Depending upon the
complexity of the Project, the Project Development Plan
must be prepared either 60 or 90 days after Project
injtiation.

4
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PLANNING TASK 4, PRELIMINARY PROGRAM SYSTEM DESIGN

To help complete the estimate of Project costs and schedules, lay out a
preliminary program system design in terms of overall functional blocks,
and compare the proposed system to similar existing systems. The steps
in planning during preliminary program system design are:

Step 1., Identify systems with similar features to exploit this
experience, if possible, by using cost data, designs, and
development methods for planning and developing the proposed
system, Look for similarities in programs and routines,
applications, computers and other equipment, and Projects
for the same user,

Sources to consult are:

. Past and current Project files

» Libraries of professional books, Journals, end reports
. Lists of SHARE, CO-OP, and other subroutine libraries

. Experienced personnel such as other Project lLeaders and
consultants

. Colleagues in the field

Step 2, Divide the program system into subsystems, by identifying
relatively independent sets of functionally related
requirements, Here, the words grogg% Exstems are used in
a relative sense, For example, in a ge, new information
system, one diviaion may identify (a) operational programs
(i.e., those programs that contribute directly to the system
mission), (b) operational support programs (those programs
that do not directly perform operational work, but are
necessary to support the operation of the system), and

¢) program production and checkout (utiliiy) programs.

At NAVCOSSACT this type of system development would
embrace a large number of Projects.) In other cases, the
program system to be divided would be only one or part of
one of these programs, If necessary, divide the subsystems
into smaller blocks such as programs and msjor subroutines,
It is suggested that individual Project Summary Sheets be
initiated for each major subsystem and that subsequent
tasks be repeated for each subsystem,
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Note that the Summary Sheets, Program Planning Sheets, and
Program System Planning Sheets are sufficiently flexible to
be used for & range ~f possible program system heirarchies.

Step 3. For each subunit identified, record the identifying information
on a Computer Program Planning Sheet (cee work sheets at the
end of the Guide), including program name, function and type
of Job.

Step 4. On the second page of the Swmary Sheei, record estimates of
the cost of performing the seven designated tasks of the
System Design Phase.

R
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PLANNING TASK 5. DETERMIRATION OF WORK

To assess in detail the work to be done, examine each program and
estimate the man months, computer hours, and elapsed time necessary
to produce and test the programs. Identify and establish the program
flows, functions, inputs and outputs, and testing requirements for
each program. To be sure that tasks or important aspects of the
work are not overlooked, refer to the appropriate Check Sheets in
costing the various programming tasks. The costs to develop
individual programs and to test subsystems are to be recorded on
the Camputer Program Planning Sheet and the Program System Planning
Sheet, respectively. ILater these are to be summed and transferred
to the Project Summary Sheet. Initial entries should be tentative,
subject to revision after planning of this phase is complete and
prior to recording them in the Summary Sheet.

Step 1. For each program, develop a tentative, broad flow diagram
of system operations (see Program Development Tasks 2 and
3) that shows:
o Inputs--messages, number of types, rates
Outputs--messages, number of types, rates
Data flows through the system
Intermediate data structures
Processing functions

Feedback, monitoring, interrogation, and response loops

+ Cyclical or temporal relations of functions and data flows

For each program, estimate the work required to perform the
following Program Design tasks (see System Design Task 2 and
Program Development Task 2) and enter the values on the
Computer Program Planning Sheet.
+ Logic Analysis and Flow Chart

Timing/Analysis

Design Review

Program Specifications
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Step 3. Analyze the broad flow diagram to identify date structures
and manipulation requirements and to determine functions
and data structures that:

. Are similar or identical, e.g., with respect to design,
I/0 sources, and operating speeds

« Operate in the same time intervals
. Are highly interdependent or interactive

Step 4. Record the Data Description entries for each program on the
Program Planning Sheets:

. Kumber of items of data to be processed
« Number of different input and output formats
« DNumber of data tables to be designed
o Number of constants and parameters
o Number of files
o Number of pages of documents to describe all the data
Step 5. Estimate the work necessary to perform the following Data
Design tasks for each program and enter these estimates on
the respective Program Planning Sheets:
. Data Analysis
+ Input and Output Formats
o« Data Design
+ Storage Allocation
. Data Review
« Documentation
Step 6. Describe each program in terms of size, complexity, and
familjarity. Some techniques to help make these estimates

are:

. Comparison with similar progreams or routines in previous
Projects, in the literature, or in subroutine libraries.

e e AN L 0
PSR
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In esddition to comparison of size and complexity, special
attention should be paid to differences in generality,
modularity, language, operating system, and function.

Make use of short design and coding trials by roughly flowing
and actually coding sections of the programs. These trials
should sample most functions but stress possible difficulties
such as control and feedback loops and interfaces. Although
time-consuming, this sempling of the work yields fairly
accurate estimates of size, complexity, and difficulty.

. Solicit and use expert opinion and diagnosis. Although
subject to possible bias, experienced persons, when dealing
with systems that are similar to them, can often make
relatively good estimates of size and complexity, and can

' also detect conditions likely to cause difficulty. However,
experts in a single function may overiook program system
communicetion, housekeeping, and I/0 requirements. Be

v sure an estimate includes these, since, depending upon the
system design, they mey comprise up to 40 percent of small
programs.

o~ Step 7. Record the following information in the Program Description
(:_ section of the Computer Program Planning Sheet:

. Number of instructions, divided into two estimates--one
ot new code and one of old or revised code--to get an
idea of the proportion of innovational or unfamiliar coding
involved. Reference any old programs with usable code or
lesign in the Remarks area on the reverse side of the

Program Planning Sheet.

. In the space for Number of Blocks, enter the number of
functions and subfunctions involved.

T™e entry for Complexity must be a local standard, such as
a scais of one to five, that reflects not only the number
of interactions among subfunctions and the number of
ingerfaces with other progrems, but also the number and
variety of data types input, manipulated, and output; or,
the standard could actually be a rough count of these items.

Bt
S S 80 i i ot -
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*

At NAVCOSSACT & Complexity Factor has been defined for the
total system tc be developed and is presented in the Project
leader's Guide,

. Enter estimates of the number of pages of documentation for
the program. If no better estimate is available, a minimum
documentation estimate of one page per hundred instructions
may be adopted. If the program is new or complex, and study
is thus required for design and use of the program, more
documentation may be required.

Step 8. After estimating the program size, estimate the cost of perform-
ing the tasks of coding, desk checking (see Program Coding
Tasks 1 and 2) and keypunching, and enter the cost of the tasks
required for each program on the Program Planning Sheet.

Step 9. Estimate the cost of campiling and checking the code for each
program, and of designing and running individual program tests.
(See Program Checkout Tasks 2 and 3.) Assume a minimum of three
trials per program for test. Enter the results under Checkout
Description on the Program Planning Sheet.

Step 10. Although the detailed plamning for system testing will occur
later, make rough estimates c¢f the number of tests thet will
be run for subsystem and system testing, and the number of
trials that the tests will cequire, and enter these estimates

on the Checkout Description area of the Program System Planning
Sheet.

« The number of tests for subsystem testing may be estimated
by determining the number of pairs of interfacing programs,
the number of triplets, and the number of other subsets of
interfacing combinations, and by scheduling at least one
test for each interface combination. (Other assembly
procedures are possible; for example, plan tests for each
required operational function and string together (often
via an executive routine) those progrems that contribute

# At NAVCOSSACT, the Degree of Factor Complexity as defined in NAVCOSSACT
Instruction 5230.1A provides a technique for rating complexity of the
development using & matrix of factors versus degree. The factors include
originality required, degree of generality, span of operation (geographic
dispersiong, change in scope and objective (anticipated), equipment
complexity (ranging from one machine to multicomputer with automatic
1/0), number of personnel (including contract size), and cost.
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Step 11.

Step 12.

Step 13.

L5 ™-2314/000/00

to the function, whether they interface or not. One program
may be involved in several "string" tests since it normally
rcatributes processing to several functions. Tests may
¢.v0 be planned for evaluating interactions with particular
i 0118 of system equipment.)

st teest two system tests should be planned, an easy one
{#ic¢h simple inputs) to determine that the system will
operate, and one quite difficult (heavy load) to evaluate
performance. As with subsystems, individual system
functions should also be tested to evaluate them separately,
i.e., free of the obscuring effects of interacting functions.
If several versions of the system are to be produced for
installation at differant locations, tests should be planned
for the different versions. This system test planning may
also include plans for the Demonstration test.

. Despite careful programming and thorough debugging, programs
seldom pass the first test. Hence, at least three trials
per program system test should be planned. Early tests
will probably take even more trials; later tests may take
less. If the system has several versions e.g., one for each
of several locations, similar trials should be planned for
each unique version.

Estimate the cost of performing the Program System Checkout
tasks (see Progrem Checkout Tasks 4 and 5) and enter the
results on the Program System Planning Sheet.

From the Program Planning Sheets and the Program System Checkout
Planning Sheets, sum the costs of Program Development, Program
Coding, and Program Checkout tasks for all programs in the
particular system and enter the results on the Project Summary
Sheet. If separate Summary Sheets are maintained for subsystems,
sum onto the subsystem Summary Sheets and then onto a master
Project Summary. Entries should be regarded as tentative,
subject to later revision.

Estimate, on the basis of the results of the previous planning,
the costs of the components, the planned work for user docu-
mentation, user training and assistan.e, and turnover phases
and enter these estimates on the Project Summary Sheet. (See
User Dogumentation, User Assistance, and Turnover Task Check
Sheets.
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PLANNING TASK 6, SCHEDULE ESTIMATION

Prepare detailed schedules for the overall Project and for the tasks and
components of the system. (Section IV of the Planning Guide provides
additional discussions of schedule considerations.)

Step 1.

Step 2.

Step 3.

Step b,

ILay out rough time-line schedules to indicate the general time
periods during which various tasks are to be performed, See
Chart VI for an example of a Gantt Chart. For large program
systems in which some subsystems may have to be developed first,
e.g., utility, separate graphs should be drawn for each inde-
pendent program subsystem.

Lay out time-.line schedules for:

« BEach of the individual programs as recorded on the Computer
Program Planning Sheets.

. Each of the subtasks of the tasks involved in the System
Analysis, System Design, Documentation, User Training and
Assistance, and Turnover Phases,

Prepare a general sequence of work or network analysis schedule
to depict, in graphic form, the sequences in which work must be
done, Network analyses show tne dependencies of one task upon
the successful completion of others and indicate the shortest
time (the longest or "critical path") in which the job can be
done with the cost, productivity, and delay time assumptions that
have been made, A way in which these dependencies are dia-
grammed is shown in Chart VII, an example of a network analysis

for the System Analysis Phase. In prepar .g a network analysis,
give gpecial attention to:

+ Task dependencies.

« Critical deadlines, such as the delivery and availability
dates for computers and the utility system,

+ Review, concurrence, and decision points.

. large periods of "slack time" that permit some work to be
done in parallel to reduce lesd times,

Reconcile differences between the detailed schedules (Step 2)
and the overall schedules (Steps 1 and 3). All of these schedule
representations, Planning Sheets, Gantt Charts, and networks

should be aligned so that they agree. To make this alignment,
tentative plans should be adjusted by:
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Continue Analysis and Design
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Ste. 5.

Step 6.

Step 7.
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. Increasing or decreasing estimates of menpower allocations.
« Reducing or removing proposed system features.
« Reducing proposed quality and performance levels.

Enter proposed start and completion dates on Program Planning
Sheets and the Project Summary Sheets. On the Sumuary Sheets

the Coding and Checkout dates should spen the entire range of
time for coding and checking out individual programs as indicated
on the individual Program Planning Sheets. It may be necessary to
adjust earlier menpower and computer time estimates, to account
for changes that result from the schedule analysis in Step L.
Record any assumed conditions that critically influence lead time
in the Lead Time Assumptions section of the Summary Sheet.

Review the assumptions that have been made for computer usage by:

+ Summing up estimates of computer time by computer, language,
operating system, and location.

+ Realistically estimating the number of competing users of
the computer and the Project priority, and then estimating
the expected average amounts of computer time for the Project
per day and per week.

. Estimating the average amount of computer time each progremmer
is axpected to need.

. Estimating the expected turnaround time for Project work,
considering competition and priority, plus other factors such
as the accessibility of the computer location and the known
or cstimated efficiency of the computing facility.

Enter these revised values, along with the forecast date of
first use, in the Camputer Usage section of the Project Summary
Sheet.
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PLANNING TASK 7. PRELIMINARY REVIEW

Integrate costs, schedules, and all plans by reviewing them with the
Project members and with other Projlect Leaders.

The basic costing is now done; the sequence of study, information
collection, analysis, design, costing, and scheduling is complete. This
first detalled analysis may contain many oversights, redundancies, and
contradictions. The steps taken to detect and eliminate such discrepancies

are:

Step 1.

Step 2.

Ster 3.
Step L.

Study the costs and dates recorded on the Project Summary Sheets,

‘Computer Program Planning Sheets, and various schedules, to

evaluate their reasonableness and to detect contradictions between
detailed and overall schedules.

Review the reasonableness of Project plans, particularly costs
and schedules, with other Froject Leaders or objective expert
personnel.

Lock for and identify omissions and redundant efforts.

Correct oversights, remove redundancies, and adjust contradic-
tions.
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PLANNING TASK 8, OBTAIN CONCURRENCE

Document the plans for the implementation of the program system and
obtain the concurrence of higher management and the customer., The
coordination and concurrence for the Project Implementation Plan and
Preliminary Functional Description (see System Design Task 6) should be
concurrent,

The steps taken are:

Step 1. Draft the Project implementation plans. Emphasize statements of
mission and objectives, descriptions of activities and products,
and discussions of assumptions and limitations that will make -
graphic and numeric information meaningful to the reader who is
inexperienced with ADP, Recommendations may be made concerning
the continuance, priority, and feasibility of the Project.

Step 2. Submit plans and recommendations to management for coordinationm,
7 review, and approval,

Step 3. Cooperate with management in their evaluation of the plans by:
. Presenting briefings.
. Attending conferences.
. Providing additional information,
« Clarifying assumptions, specifications, and estimations.

. Trying to answer objections and responding to suggestions
raised during the evaluation.

Step 4. Revise plans until management concurrence and approval is received.
Step 5. Prepare drafts of the plans for coordination with the user.

Step 6. Cooperate with the user and his agents in their evaluation of
the plans as in Step 3.

Step 7. Ravise plans until customer concurrence is achieved,

Step 8, Publish the Project Implementation Plan,
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IV. GUIDELINES FOR ESTIMATION

In the development of & specific program or program system, the cost of any
task or subtask depends on numerous factors, such as the size and complexity
of the program being developed, the resources including the personnel,
methods and tools used for development, and the particular conditions under
which the programs are produced. This section describes some cost factors
that the Project Leader should consider; presents some guidelines that may
be used for cost estimation and scheduling; and displays some equations

and raw data that are the results of research in cost estimation.

As one might expect, larger Projects incur larger costs. Experience shows
that increases in size, complexity, and integration of computer programs

into a system lead to & need for increased division of labor and coordination
as follows:

. To meet reasonable development schedules, work must be divided into
tasks that can be handled by a single person.

. Tasks that may be subsumed in a small effort now become large enough
and important enough to have one or more persons assigned to them
full time.

. The time and effort needed for (and usually spent on) system analysis,
design, and testing increase much faster than the time spent on detailed

programming and coding.

« The interdependencies of progrems increase rapidly so that the need for
coordination and communicaticn arong the programs and in the corresponding
development work grows exponentiall:y.

. Correspondingly, the need for meanagement, supervision, and control
increases greatly.

Although the guidance given below reflects some of these, the Project Leader
should keep these characteristics in mind to aid his judgment.

A. COST FACTORS IN PROGRAM DEVELOPMENT

The many factors that influence Project difficulty or cost may be
divided into three groups:

. The nature of the job to be done--the nature, clarity, and extent
of system raquirements.

+ The vherewithal--the amount and availability of the various resources
(personnel, machines, and information) required to do the Job.
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B.

. The environment--the conditions under which the Project is managed and
*he program must be developed.

Developed from a survey of experience in program development, Chart VIII

is a matrix showing a summary of cost factors as they are qualitatively
related to the tasks., The Check Sheets include & more detailed list of

cost factors. The 36 tasks describing the system development process are
listed on the left side of the matrix, the factors above., Factors are
grouped into the three rategories: Requirements, Resources, and Development
Environment, A vius sign appearing at the intersection of one of the factors
amd one of the tasks means that the presence of that factor will increase

the cost of the task; a minus sign indicates that its presence will decrease
the cost of that task. The extent to which the factor is present determines
the degree tc which it increases or decreases the task cost; e.g., the
greater the amount of programmer experience, the greater will be the extent
to which the cost of the programming task is decreased. On the other hand,
some factor/task relationships do not exist in degrees; e.g., if the computer
used for levelopment is not the same one as the computer used in actual
operation, project planning and development costs will be higher, (If data
were available, this chart could be used to make detailed comparisons of
factors in a new Project with factors in completed Projects.)

GUIDELINES FOR ESTIMATION

Although the prediction of programming costs is still largely uncertain
and inaccurate, better costing formulas are gradually evolving, However,
as long as programming includes a large amount of development work and
information generation, some inaccuracy of prediction must be expected.
The accuracy of prediction depends upon the accuracy ot assessment of the
many factors that influence the work, Also, until the influence of these
factors can be established conclusively, the initial estimation of costs
must rely upon experience and rough rules of thumb., But in any specific
Project, as work proceeds, the influence of specific factors will become
clearer and, hopefully, quantitative, Therefore, planning, including the
estimation of costs and schedules, is viewed as an ongoing function of
the Project leader, and estimates will change several times during the

course of a Project. Generally, each revision of the plan is more accurate
than the preceding one.

In planning, the Project Leader must make estimates of' the costs of the
programs in terms of':

. Manpower
. Computer Time

. Elapsed Time
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ANA :
1. PLAN PROJECT Je- ++4+44 - et
2. ANALYZE SYSTEM REQUIREMENTS .o+ N
3. ANALYZE USER'S ENVIRONMENT

. ANALYZE PRODUCTION REQ'TS.
ANALYZE SIMILAR SYSTEMS

. EVALUATE CONTRACT PROPOSALS
. ANALYZE CHANGE REQUESTS

NO U~

SYSTEM DESIGN

1, DESIGN TOTAL SYSTEM

2. DESIGN PRROGRAM SYSTEM

OUTLINE PFD

. PRODUCE PFD

. FAMILIARIZE USER

. OBTAIN PFD CONCURRENCE
. INDOCT. PRODUCT'N PERS.

NO e W

PROGRAM DEVELOPMENT

1. DESIGN PROGRAM SYST, TEST
2. DESIGN PROGRAMS

3. DESIGN PROGRAM FILES

4, CSTABLISH SYSTEM FILES

Cost Factor~Task Matrix

LRI R R 3

LA R
+ 44

PROGRAM CODING
1. CODE PROGRAMS

2. DESK CHECX
PROGRAM CHECKQUT

Chart VIII.

L. LEARN TEST ENVIRONMENT
2. COMPILE & CHECK CODE
3. TEST PROGRAMS

4, TEST SUBSYSTEMS

5. TEST SYSTEM

WSER DOCUMENTIATION

1. VERIFY SPEC'N. DOCUMENT'N,
2, OUTLINE USER DOCUMENT'N,
3. PODUCE USER DOCUMENT'N,
4. OBTAIN CONCURRENCE

5. PUBLISH USER DOCUMENTATION

USER TRAINING & ASSISTANGE

1. DATA COLLECT. & CONVERSION

2. DEVELOP USER TRAINING PLAN

3. POVIDE USER TRAINING & ASSIST.

TURNOVER
1. DEVELOP TURNOVER MLAN

2. CONDUCT DEMONSTRATION
J. OPERATIONAL SHAKEDOWN
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l.

Computer Time Estimates

On most Projects, gross estimates of computer usage are adequate, That
is, estimates of the computer time needed to check out any one program
are usually quite inaccurate, but rules of' thumb appear to come sur-
prisingly close to actual expenditures. Two basic methods are:

a. Estimate computer hours as a function of the number of programmers
and weeks of computer usage. Depending upon the conditions of use
and the number of programmers competing for time, computer usage
averages between eight and fif.een minutes per man day, or between
two-and-a-half and four hours per man month, That is, 30 to 60
programmers can use one to two shifts of computer time per day in
compilations, code checks, data generations, and program tests,

b. Estimate computer hours as a function of number of instructions.
Great variation exists in the amount of time taken to check out
any one routine or program. Hcwever, a rough rule of thumb for
moderately large systems is one checked-out instruction per minute
of computer time. For small and simple programs, for program
revrites, and for program conversions from one computer to another,
less time will be required. For large systems with many interfaces
and tightly integrated functions, more will be required.

For initial estimates, these rules are usually adequate. Because of
unforeseen difficulties in computer usage and availability it is good
practice to reforecast computer time requirements frequently.

Programmer Productivity

Estimating programmer production is more difficult than estimating
computer time. For a programming process divided roughly into three
parts, Analysis, Coding, and Checkout, the percentage of total effort
devoted to these parts is shown in Table I,

From these data it may be estimated that the average allocation of
effort is as follows: Analysis and Design will consume 4O percent

of the manpower; Coding, 15 percent; and Checkout and Test, 45 percent.
Roughly, the Analysis and Design work represented by these figures
includes equivalent tasks; the same is true of the Checkout work,

At NAVCOSSACT, the Coding Phase is a larger part of the work (includes
more taskc) than that implied by the other entries under Coding in
the Table, For example, at NAVCOSSACT, design of individual programs
and their associated documentation would be included in Coding, but

in the other programming efforts this work was included in Analysis
and Design. Despite these differences, the average values agree with
NAVCOSSACT experience,
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TABLE I. RELATIVE COSTS OF PROGRAMMING PROJECT PHASES*

SETE** SAGECH  NTDS™H&*  NAVCOSSACT AVERAGE

(%) (%) (%) (%) (%)
Analysis and Design 35 39 30 34 34.5
Program Coding and 17 1k
Checking 20 20 18
Checkout and Test 48 N 50 46 47.5

*The data on SAGE (Semi-Automatic Ground Enviromment) refer only to early
models and not to model changes that logically might reflect costs in
different proportions than are characteristic of new systems. The Project
SETE (Secretariat for Electronic Test Equipment, New York University) values
are averages derived from data on twelve systems produced in support of
automatic test equipment for missile and other projects, The NTDS data do
not include information on preliminary design and operational system analyses,

#*A Survey of Programming Aspects of "Computer-Controlled" Automatic Test
% ipment, Volumes E and g, §§E 210/78, NEV York University, New York,
une, 1

¥4y, P, Haverty, Programming language Selection for Command and Control
Application, Symposium Address, Symposium on Computeﬁrogmming for
Military Systems, The Hague, The Netherlands, September, 1964.

G, G, Chapin and P, A, Hensel, Programming for the Naval Tactical Data
sten, Symposium Address, Symposium on Computer Programming for Military
» The Hague, The Netherlands, September, 1964.
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The analysis and design work for information processing systems involves
many tasks and is frequently underestimated, undercosted, and inade-
quately performed. Because the later work in the process is more
susceptible to measurement and can be estimated more easily, the
analysis and design work may be estimated as & percentage of the

coding and checkout costs using date such as those in the Table,

Coding and checkout productivity are usually estimated at 250 to 300
machine instructions per man month estimated from the start of coding
to the completion of the Project (i.e., approximately 60 percent of
costs). Utility and support programming fall at the upper end of
this productivity range, and complex, tightly integrated systems at
the lower end.

Conversion and reprogramming Projects should enjoy a much higher :
productivity rate, if there is adequate documentation and there are

no major changes. If no major redesign of the program or system is

necessary, savings are possible because most of the analytic work -
is eliminated. Although coding is reduced somewhat, checkout and

turnover will run about the same as an original development. Savings

will also be realized if the same test designs and test data can be

used for the couverted programs as were used originally,

Program modification, notably of large systems, is frequently under-
costed., Coding a small change is usually trivial--a few minutes'
work--but thoroughly investigating the impact of the change on many
interrelated programs and operations may take days. Also, updating
the coding is often less costly than updating the documentation of
the program. As changes become larger, the proportionate costs of
coding and checkout graduelly rise toward the relative costs that
hold for original programming. The cost of testing small changes

to a large system, to be sure that the change has been made correctly
and has not adversely afiected any other item, is sometimes very .
large in comparison to the other costs of change.

3. Elapsed Time

In estimating the amount of time that a Project will take, people

are often quite good at estimating the time for their own jobs, but

are very poor at estimating how long others will take. This is partic-
ularly true when estimates are made of time to be used by non-Project
wenbers. For example, the times needed by higher level managers

or the user to review documents are usually underestimated. Some
typical examples of work that must be done by non-Project members are:

. Product inspections and reviews (e.g., reviews of documents).

Editorial and technical reviews of documents prior to publication.
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. Decisions or choices between alternative modes of procedure.

. Decisions about or approval of a product or procedure (e.g.,
concurrence on a document).

. Coordination and concurrence procedures.
. EBEvaluation of proposals (e.g., processing a change proposal).
. Establishing contact and making arrangements to meet and discuss.

At NAVCOSSACT, estimates based on experience show a minimum of 1k
weeks elapsed time for processing such as obtaining documentation
concurrence, security clearances for people and information, and
approval for a particular design. Most of these periods may be
predicted, once experience data for average turnaround time are
obtained, Although the accuracy of an estimate for individual reviews
may be poor, the collection of such estimates will usually contain
some over- and underestimates thrt will cancel one another. Since
the number of lengthy reviews is usually greater than the number of
unexpectedly quick responses, overestimating the individual periods
will pay off in a more accurate total Project schedule,

Some typical times for various non-Project activities estimated by
NAVCOSSACT personnel are shown in Table II., Chart IX shows the
breakdown ol elapsed times for letting contracts with some comparison
of these for sole source and solicited bid contracts. Project members
tend to view these periods as delays, This is not true, of course,
but even so, any periods of time that involve transit and wait may

be shortened.

C. RESEARCH IN ESTIMATION OF PROGRAMMING COSTS

Under an Air Force Electronic Systems Division contract, SDC recently
completed the first part of an exploratory study ol' computer programming
cost factors.®* Aimed at developing cost estimating equations or
relationships, the analysis included use ot various statistical techniques
such as correlation analysis, multivariate regression analysis, and

factor analysis.

#*TM-1447/001/00, Factors that Artect the Cost of Computer Programming:
A Quantitative Analysis, L., Farr and H. J. Zagorski, 31 August 1964,
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Product
Project Request
Planning Estimate
Planning Estimate

Project Development
Plans

Manning
Security Clearance

Security Clearance

Contract-letting Process

Preliminary Functional
Descripuion

Preliminary Functional
Description

Preliminary Functional
Description

60

Review or Activity

Rating of Project, e.g., preliminary user contact
Establish contact with user

Approve draft in-house and non-in-house organizations

Approve in.house document

Acquire and assign personnel

Clear new people

Establish right-to-know and need-to-know to obtain

™-2314/000/06

Ragge
1-2 weeks

1-2 weeks

2-4 weeks

4.8 weeks

6-12 weeks

1-6 weeks

information from user and others in researching this

and other related systems

See Chart IX

Obtain document draft including typing and

duplication

Approve in-house document

Approve document by users

1-4 weeks

3-7 weeks

6-14 weeks

Above Activities apply to both Feasibility Studies and Programming Projects, Those below apply only to

Programming Projects.

Computer Time
Change Request
Project Manual

Project Manual

Turnover Plan

Turnover Plan

Statemsnt of Project
Complstion

Maintain equipment and racilit:

3-12 weeks

-,

@ 3 weeks/year

Process change request (avers e: 5 changes per project) 1 week

Obtain dratt document including typing and

duplication

Approve in-house document

Obtain dratt document including typing and

duplication

Approve document in-house and by non-NAVCOSSACT

organisations

Obtain {inal scceptance

1-4 weeks

2-8 weeks

2-3 days

2-8 weeks

2-12 weeks

NOTE: Many of these activities are or can be pursued concurrently with other tesks. Thereiore, the
tives indicated do not add linearly in any schedule but help a Project Leader to schedule dependont
events such as beginning a nev task.

Teble II.

Time Estimates and Other Activities at NAVCOSSACT
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Chart IX, Contract-Letting Processes and Delays

SOLICITED BIDS SOLE SOURCE
SUMMATION BUMMAT 108
LESS THAN mc;x PREPARATION OF SYNOPSIS LESS TMAN 100K

7 - w -

7 - 28 ::xo ADVERTISEMENT 12 - 21 WEEKS
MORE THAN 100K

o {~ WEEX MORE THAN 100K
19 = 32 WEEXS 14 - 23 WEEKS

SUBMISSION OF CAPARILITIES
BY INTERESTED FiRMS
¢ 2 - 3 WEEXS

EVALUATION OF CONTRACTORS
PREP, SPECIFICATIONS

2 - 3 WeEXs
)
PREPARATION & M~ ‘NG PROCUREMENT REQUISITION EVALUATION OF SCLE
SOLICITATIONS TO CON' RACTOR H TO CONTRACTOR AGENCY SOURCE PROPOSAL SUBMISSION
2 - 4 WEEXS | = 2 WEEKS 1= 3 WEEKS
( PROPOSAL PREPARATION BY
- SOLICITATED FIRMS LESS THAN

2 - 3 WEEKS 100K

OBTAINING OBTAINING
EVALUATION OF NEGOTIATION NEGCTIATION
PROPOSALS APPROVAL APPROVAL
2 - 3 WEEKS 3 - 6 WEEKS | ~ 2 WEEKS
.
MORE THAN LESS THAN
100K 100K
OBTAINING OBTAINING
CONTRACT NEGOTIATIONS
e NEGOTIATION NEGOTIATION
@Y CONTRACTING OFF,
APPROVAL APPROVAL
2 - 3 WEEKS
3 - 8 WEEKS | - 2 WEEKS

NOTIFICATION OF AWARD
PREFP, & FWD, CONTRACT
2 - 4 WEEKS

NEGOTIATIONS BY
CONTRACTING OFFICEN
2 - ) WKEKS

NOTIFICATION OF AWARD
PREP, & FWD. CONTRACT,
2 - 4 WLEKS
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Although the statistical techniques yield meaningful estimating relation-
ships, the equations that emerged from the first phase have large confidence
limits, That is, the statistical confidence with which one can use these
equations is quite low, Work is proceeding to improve the equations;
therefore, they are presented here, not as tested, well-proven tools,

but _simply s experimental aids to be used in conjunction with judgment
and experience,

Data on over a dozen cost variables and almost a hurdred predictor
veriables were collected on twenty-seven programs and subjected to
statistical analysis. Below is a summary ol four of the resulting
equations and some cost data for man months and computer hours presented
graphically. Figures I and II plot man months and computer hours against
program size in terms of the number of delivered instructions. Figure III
plots computer hours against months and reveals a fairly high correlation
between these two cost variables. The variable, man months, represents
the cost of designing, cading, testing, and documenting the program. The

scope of work is about the same as that included in the following NAVCOSSACT
Fhases:

. System Design (Program System Design Task only)
. Program Development

. Program Coding

. Program Checkout

. User Documentation

1. Man Months tor Design, Code and Test

N + 3qxu - 17X_ + 10X6 + X, - 188

3 5 (
Standard error of estimate# = T0 man months

Range of costs in sample

20-900 man months

*The standard error of estimate is a measure of expected deviation of estimated
data from actual data. Two thirds of actual costs should fall within one stand-
ard error ol their predicted values, Since this measure tends to be constant
throughout the cost estimation range, the relative percent of error to total
cost will decrease as one proceeds from small programs to large programs., Thus,

the larger programs are able to tolerate the estimating error much more readily
than gmaller programs.

¢4

(8
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{
Varjables
1 Number of man months for program design, code, and test
2 BHNumber of machine language instructions in delivered program
(in thousands)
3 Number of man miles for travel (in thousands)
4 Number of document types delivered to the customer
5 System programmer¥ experience index
i 6 Number of display consoles
T Percent instructions new to this program (not reused from
previous versions)
2, Months Elapsed Time
Y, = 2.5%, - .w,3 + LK ¢ 33(5 + 7.0
‘: Standard error of estimate = 4,8 months
Range of elapsed times in sample = 5-56 months
Veriables

1 Number of months of elapsed time for program design, code
and test

2 Number of words in tables and constants

Number of words in core storage

L N V1)

Percentage of decision-making instructions

5 DNumber of document types delivered to the customer

#System programmer. As the most senior of four classes, he contributes to
the formulation, planning, design, and development of computer program
systems; experience index for the system programmer is the sum of the
average number of years of experience with the specific computer-type,
application, and language.
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3. Computer Hours

Y1 = 21...5x2 + 985)(3 + :LyTx,4 - 3468

Stendard error of estimate 905 hours
Range of hours in sanple 130-9000 hours
Variables
1 Number of computer hours
2 Number ol machine language instructions in originul estimate

3 Complexity rating (scale 1 to 5-~subjective from simple to
highly complex)

4 Number of words in data base

Delivered Machine Language Instructions

3 + 5.6Xh - 13.9

Standard error of estimate = 25.7 instructions (thousands)

Yl = 2.6X2 + 1.2X

Range of program sizes in sample = 8-300 instructions (thousands)

Variables

1 Number of machine language instructions in delivered program
(in thousands)

Number of input messages
Number of subprograms

Number cf words in tables and constants
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16004

14004

1200+

1000+

Y 13.8 + 4. 8X

L4
MAN MONTHS

8004

600+ *

400+

. 2004 . .

0 50 100 150 200 250 30 450
DELIVERED INSTRUCTIONS (I IHOUSANDS)

Figure 1. Rumber of Man Months versus Rumber of Instructions

(The equation represents e simple linear regression vith the
available data and is not a reliable predictor.)
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100004

9000+

8000+

7000+

6000

5000- -234 + 28. 8X

COMPUTER HOURS

4000+

5000+

2000+

10004
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g Figwe 2. Number of Computer Hours versus Mmber of Machine
- Language Instructions

(The equation represents a simple linear regression with the
available data and is rot a relisble predictor.)
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Mgure 3. Computer Hours versus Man Months

(™e equation represents & simple linear regression vith the availsdle
data and is not a reliadble prodictor.)
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V. GSYSTEM ANALYSIS AND DESIGR

The process of determining the requirements for the program system and planning
a set of programs capable of fulfilling them is divided into ‘wo Phases-=System
Analysis and System Design. The first Phase consists of investigating the
particular information processing task that is to be adapted to automatic data
processing methods; the second consists of attempts to devise a satisfactory
solution to the data processing requirements involved.

System analysis and design is a complex process and, for a large system, can
be broken down into many fine tasks and phases; in the case of a small or
simple information processing task, it may be considered only a single step
in the production of the program. The tasks of analysis and design that are
largely intangible such as "study," "investigate," and "coordinate" may be
made more tangible by requiring specific documents to record the thoughts and
actions of the system analysts and designers.

A. OBJECTIVES

Generally, the mission of the analyzing and synthesizing process is to
devise the most effective and efficient organization of program functions
and elements possible within the constraints of available manpower, funds,
end time, to perform the required data processing functions. In the case
of fcasibility studies, the goals of the work are more limited and involve
accurate definition of the information problem and assessment of the
possibility of solving it with ADP.

In the System Analysis and Design Phases, system analysts and senior
programers :

» Define in detail the information processing problem indicated in the
Project Request.

. Devise one or more ways to perform the required functions.

« Evaluate these aslternate designs to select the most effective and
efficient solution.

+ Detail the design of the program syst=m specified by this solution.
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B. TASKS
For System Analysis, the tasks are:

1. Plan the Project

2. Analyze system requirements

3. Analyze che user's environment

L, Analyze computer program production requirements
5. Analyze similar and interfacing systems

6. Evaluate contract proposals

T. Analyze requests for system change

For System Design, the tasks are:

1. Design the total system

2. Design the computer program system

3. Outline the Preliminary Punctional Description

4, Produce the Preliminary Functional Description

5. Familiarize the user with the system design

6. Obtain concurrence on the Preliminary Functional Description
T. Indoctrinate production personnel

Although these tasks apply generally to all Projects, their intensity,

i.e., the amount and/or quality of work needed, may vary among Projects.

For example, to transfer an ADP capability that exists on one machine to
another machine requires little analysis because the Project already has

a "proven" program system design. Also, the Project can benefit from the
earlier documentation (e.g., Project Estimate, Project Development Plan,

and Preliminary Functional Description), the experience of personnel, the
records of problems and their solutions, and the actual costs and schedules
of the original Project. However, conversions and revisions of old programs
invariably iaclude some new analysis and programming. It is dangerous,
then, for Project personnel to neglect these functions by assuming that
adequate analysis and documentation has been done. Attempts to use poorly
maintained documents, or subtle differences between an o0ld and new system,
sometimes lead to more costly design work than designing a new system.
Therefore, the Project Leader, even in this case, must consider, in planning,
all of the analysis and design tasks, and should expect to perform all of
them in at least a rudimentary wuy.
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Further, although in a small project analysis and design may be combined
into a single task and done by one person, the Project Leader should rec-
ognize that the tasks are distinct in terms of time ana effort. Some
benefits accrue from combination but may be negated by failure to
recognize individual task responsibility.

COMMUNICATION, COORDINATION, AND CONTROL
The analyst collects information from:

. ‘Ihe Project Request,

. Descriptions of the proposed and existing systems,

. Descriptions of proposed hardware.

. Descriptions of available program production tools.

. Documents stating the mission and requirements of the system,
. Conferences and briefings.

. Interviews with user and other personnel.

. Feasibility study reports.

. Descriptions of interfacing systems.

. Documents describing the user's mission, responsibilities, and
organization,

. Observations of the existing systems.

. Files of previous projects.

. Interviews with expert consultants and other Project Leaders.
. Simulation studies.

. Techunical litcrature and professional meetings.

. Analytic and feasibility studies of his own,

. Progress reports, trip reports, minutes of meetings, and similar
administrative documents.

. Correspondence files.

The analyst communicates and provides coordination through:

. Personal contact with users, programmers, Project Leaders of other
projects, and other developers.

. Conferences and briefings.

. Circulation of documents for review,




10 May 1965 ' m™/2314/000/00

Concurrence meetings

Dissemination of trip reports, minutes of meetings, reports of studies,
and confirmatory (feedvack) letters and reports following contact: and
iniverviews ,

Progress reports and other documentation.

Control is established by:

Schedules and budgets

Project monitoring and program reporting
Concurrence procedures

Design change procedures

Documentation procadures

Coordivtastion procedures

Product lists and produect status reports
Planning documents

Review procedures

Procedures for the verification of information

The analysis and design phases require communication because the personnel
collect and generate information, and coordinate information among the
programmer personnel, custamer, and other developmental agencies. Most
analysis work is recorded in documents whose contents must be coordinated
and concurred with the customer and, sometimes, with other developers.

The analysis phase needs control mechanisms to (1) assure completeness
and accuracy of information, (2) ensure complete coordination, (3) obtain
decisions and concurrence, and (4) control change proposals, including
their evaluation and implementaticn.

SUPERVISION

During the System Analysis and System Design Phases, this intense need
for cammunication and coordination dictates the Project Leader's respons-
ibilities. He and his subordinate supervisors must monitor the tasks,
evaluate their products, coordinate activities, and resolve technical
and administrative difficulties,

The Project Leader must make all important technical decisions, In a
small Project, he himself must do the planning, set schedules and dead-
lines, keep abreast of progress, and evaluate all of the analyses and
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designs produced. On a larger Project, although he may delegate much of
the planning and product review to other senior team membhers, he remains
responsible for the final review and the technical quality of the final
products,

One of the most important and time~consuming tasks of the Project Leader
is the external coordination of analysis and design plans. He represents
the Project in contacts with user personnel, such as briefings, information
gathering, and user review and concurrence on Project plans and designs.
He also represents the Project to his management by presenting briefings,
coordinating plans, and obtaining design approval. The Project Leader
must deal with the computer and duplication facilities and other service
organizations to arrange for computer time, duplicating and illustrating
services, EAM work, and other support. Project success also depends upon

¢ other coordination activities, e.g., arranging for conferences and trips,
getting reviews of plans and designs, and in obtaining decisions and
concurrence,

Administrative matters may be a time«consuming chore for the Project
Leader, hut good secretarial support can ease this burden. The Project
Leader (or, on a large Project, a delegate) must review, approve, and
expedite requests for trips, conferences, clearances, and information to

( be sure these are necessary and accomplished quickly and effectively,

) The Project Leader is also responsible for work assigmments, time reports,
progress reports, performance evaluations, salary reviews, and other
administrati details,

Responsible for the efficient operation of his team, the Project Leader
not only makes plans, but sees that the work indicated is done on schedule.
Two particularly difficult tasks are (1) to see that the anaiysis and
design documents are completed on schedule and are accurate and complete
and (2) to handle changes to design and the plan and to document the
resulting changes in a timely way.

. E.  COST FACTORS

For small projects, the Project Leader will need only a few skilled

analysts to do the work in the Analysis Phase. Since analysis is the

first Phase, there is little time to train persons for the job. However,

it is not always possible to get all experienced people, especially on
larger projects, and less-qualified persons may have to be employed. In
this case, their need to gain experience and learn may inflate costs or
reduce quality. '

For the analysis and design effort, availability of information is perhaps
J the key cost factor. Clear and complete statements of objectives and
functions are usually rot available and are not provided with all associated
( information. For example, an analy:’: might analyze and design an input or
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output format in half a day, given the appropriate information. However,
vithout the information, he may need days or even weeks to locate and
actually obtain the information. For example, the analyst may have to
arrange mutually sat.sfactory conference dates and places, possibly get
security clearances, and plan his travel. These support activities
require a great deal of the analyst's time~=particularly in a large
effort in which dozens or even hundreds of questions requiring such
efforts may arise,

Further, much of system analysis and design work 1s creative--that is, the
information required does not exist but must be generated, e.g.,, the model
of inform. ion processing that is needed to design a system. It is extremely
difficult to estimate this "cost of innovation." One way is to estimate the
amount of new programming and new applications that are in a Project, and
find past Projects of a similar nature and study their "innovation" costs.

Incidentally, two major reasons for reviewing old Projects are to avoid
"reinventing" and its associated costs and to help the analyct determine
the feasibility of an approach. Innovation, or "ploneering," makes mean-
ingful comparison with completed Projec.s difficult and minimizes the
opportun’ty to learn from experience, It Uil. reason, the cost of doing
something for the first time is usually much greater than for subsequent
attempts.

Costs of changes made during analyeis are less than for those made during
any other phase of the program development process, Less work is scrapped,
there are fewer elements affected, there are fewer documents to change,
and there is much less detail to consider in evaluating a proposed change.
Further, if a good job of forecasting is done in analysis, to determine
the evolution of the system, fewer costly changes will have to be made.
That is, one characteristic of good design 1s that it can anticipate and
accommodate many changes easily.

F. THE CHECK SHEETS

The Check Sheets are organized into a standard format as shown in the
following diagram.
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Task Name Task Description

Inputs Subtasks Outputs Costs

Environment
Interactions and Resources and

_Dependencies Working Conditions |

Included are the task name and a general description of the task to be
performed. The Inputs are redundant in that they indicate both types of
information and specific documents containing i+ that should be available
to perform the task. The task is further detailed in terms of subtasks
comprising the task. The Outputs or products of the tesk are, again,

’ redundant, since they are also information or documents that are necessary
inputs to succeeding tasks.

Under Costs are factors that should be considered in estimating the cost
of performing the particular task. A costing formula or rule of thumb
may also be included,

The lower portion of the sheet lists environmental factors, divided into
two parts: interactions and dependincies on other personnel and tasks
that may cause delays; and some statements about the nature of resources
required and the difficulty of ohtsining them are included to indicate
the degree of difficulty in performing this task.
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SYSTEM ANALYSIS TASK 1
PLAN THE PROJECT

INPUTS SUBTASKS
Information 1. Evaluate available information to determine how much more
information must be collected and the probable resource
User's requirements required to collect and analyze it, and make a gross esti-
mate of system size and implementation costs,
User's environment 2., Collect information from the user and other sources about
Syst ir + the proposed and existing sysiems and their enviromnments,
ystem requirements equipment configurations, and modes of operations, and
System enviroment about system production requirements,
3. Frowm an analysis of the information gathered, produce and
Production requirements evaluate a preliminary mndel of the ~p~ra*icpal system to
determine more precisely system size and difficulty and to
Productiar. enviroument evaluate the equipment configuration and usage.
L, Determine Project costs and schedules by preliminary
analysis of the system; layout a preliminary program system
Do nte design in terms of overall functional blocks, and compare
Zocuments the proposed system to similar existing systems. Review all
check sheets and complete the Project Summary Sheet.
5. To assess in detail the work to be done, examine each pro-
Prolect Request gram to be produced to establish program flows, functions,
inputs and outputs, and testing requirements, and estimate
Existing system description the man wonths, computer hours, and elapsed time necessary
to produce and test the programs., Complete the Program
Reports of feasibility studies Planning Sheet,
6. Prepare detailed schedules for the overall Project and for
Freliminary requirements aualysis the tasks and components of the system. (See Sections III
and IV of the Planning Guide for more detailed discussions
Orga.ization charts of schedule considerstions.)
Work reports (trip reports, minutes of 7. Integrate costs, schedules, and other plans by reviewing
meetings, feedback letters on conferences them among the Project members and with other Project
and telephone conversations) Leaders,
8. Document these plans for the implemsntation of the program
Comparative dociments (case historles, r system and obtain the concurrence of management and of the
planning and estimating documents from tome Coordination and concurren the Project Im-
other projects, cost studies and reports) cuatoner. n ce on the Project Im
4 plementation Plan should be concurrent with the coordination
and concurrence on the Preliminary Functional Description
(see System Design Task 6).
0. Publish the Project Implesantation Plan,
ENVIRONMENT

interfaces and Dependencies

Requesting agency, systes user, other developers, knovliedgeable Project Leaders, and Contract Administration.

Tmely delivery of ianforwstion.

Dependent upon preliminary analysis (see Systes Analysis Tusks 2, 3 and i) for completion.

Processing delays in contrect adainistration.

Failure to respond to requests for edditional informstion,
Delay in the dacision to contract,

Delays in security clesrance and contrect arrangsments,

Delay in review, evaluation, and approval of costing estimates.

o e WA AR
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DESCRIPTION

Study the system requirements and estimate the need for manpower, computer time, elapsed time, and other

resources. Prepare the Plenning Estimates, Project Development Plan and Project Implementation Plan.

OUTPUTS

|Information

Elapsed time estimates

Manpower estimates

Computer time estimates

Estimates of nuaber of instructions and programs
Estimates orf complexity, innovations, and difficulty

Tentative schedules

Docutent e

Planning Estimate

Project Development Plan.
Project Summary Sheets

Computer Program Planning Sheets
Schedules

Reports of concurrence

COSTS

Adequacy of information received,
Availability of proficlient ADP analysts,

Accessibility of information sources and
additional information,

Degree of innovation and familiarity of system
costed.

Delays experienced in getting information
and decisions.

S1ze and complexity of system analyzed
and costed,

= =

Resources and Working Conditions
Very suall group, sasy communications, few trips,
Qualiried ADP analysts.

ENVIRONMENT

R R S R e s A
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SYSTEM ANALYSIS TASK 2
ANALYZE SYSTEM REQUIREMENTS
INPUTS SUBTASKS
Information 1. Assist user in stating functional requirements,
(See System Analysis Task 1) 2, Dete :ne dats base manipulation requirements,
3. Determine support system requirements,
Documents 4, Determine requirements for program operating time for
— support and day-to-day operation,
Project Reguest
5. B8tudy cost effectivensss and feasibility for critical
Bxisting system description equipment, including, if necessary, computer facility,
Associsted and referenced documents 6. Study the user's present system by observations, inter-
views, and study of avallablie documentation.
NAVCOSBACT documsnts on past systems
T. Diacuss ambiguities and probles areas with user
Allied projects of other agencies personnsl,
8. Identify special documentation, phase-over, and/or
training needs and problems,
9. Coordinate with other analysis tasks such as "snalyse

similar systeus,” "anslyse the user's environment"
{System Analysis Tasks 3, 5).

Documsnt the results of the above subtasks.

Review requirements with project personnsl and revise
as needed.

s =

Interfaces and ncies

User on system requiremsnts.

Potential dslay in requiremsuts reviev.

ENVIRONMENT

Leaders and other evaluation and reviev persoanel.
Timely delivery of complete user requirements,
Need Gystem Analysis Tusks 3 and 5 for information,

Other analysts on assooiated system studies, euvirommental analysis, production requiremsnts.

- -

-
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DESCRIPTION Determine the operational requirements of the system and evaluate their completeness, feasibility,

and compatibility with other systems by studying the Project Request and its references snd by contact and

coordination with user personnel,

COSTS
Acceosibility of user personnel and

Number of trips required to collect data,

Number of interviews, conferences, and

Number of documents to read and analyze,

Number and complexity of functions in the

Number of pages of documentation needed.
Mumber of information sources to be
Number of innovations and changes to be
snalysed and evaluated for feasibility,
Size and complexity of the systeam.

= =

Resources and Working Conditiouns
User's requiremsnts,

( Y Qualified ADP analysts.
Soall group, easy communications,
Extensive travel, wmany conferences, many reports,

OUTPUTS
Information 1.
information,
Functional requirements
2.
Deta base manipulation requiremsnts
3.
Requirements for system support, production support maetings,
* Modifications to Planning Estimates k.
Modifications to Project Development Plan S.
systen.
6.
7.
contacted,
( 8.
90
ENVIRONMENT

. i PN »» o e
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SYSTEM ANALYSIS TASK 3

ANALYZE THE USER'S ENVIRONMENT

INPUTS
Information
Descriptions of the user's mission,
organization, responsibilities, and
projected activities
Customs and rules; procedures for
contacting user and industrial per-
sonnsl and for gaining access to
establishments and information

Terminclogy of the user

Documents

(See System Analysis Tasks L and 2)
Organization Charte

Responsibility Charts

Job Descriptions

Standard Operating Procedures

1.

2.

3.

SUBTASKS

Gain fasiliarity with the user's environment, organi-
zation, etaff, and cpersting procedures by reading
pertinent docusentation, conferring with user personnel,
and visiting user installations.

Write a glossary of user’'s technical terminology.

Determine the organizational elements that will use,
operate, and be affected by the proposed system.

Determine the functional and organizational arsas,
present or planned, that will require changes in
data processing.

Identify and analyze areas necding improvement
in the user's present system,

Document results of data gathering and analysis,

Coordinate results of the analysis with other per-
sonnel engaged in analysis.

= =

Interfaces and Dependencies

ENVIRONMENT

Users, installation operstions personnsl, coordination personnel, and other analysts,

Feeds into System Analysis Twsks 1 and 2,

Need for user to resolve propossd or required changes in organisationsal structure,

Need to establish the "right and need to knov," L.e., in clearing visits to installationa and for data

dissenination.

-
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DESCRIPTION Study the user's environment and operations, to determine hov the system and equipment will be
employed, where the operation will be based (ship or shore) and what the responsibilities of the user are,
especially to other Naval operations; and to determine the effectiveness and deficlencies of existing data

processing operations that might be improved by the proposed aysten.

OUTPUTS COSTS
Information 1, Level cf experience of user personnsl in the
application of automatic data processing to
User's organization description his operations.
Responsibilities and mission oY user 2. Degree of automation of current data pro-
ceseing operations lnd/or degree of ongoing
Operat ‘ng procedures analysis and control, application of methods

and procedures techniques, and documsntation,
List of operational changes
3. Amount of travel to dispersed location,
List of operstiomal deficiencies number and length of trips to be taken,

4, RKumber of interviews and conferences.

5. Availability of background information such
as faniliarity of the user's operation and
accuracy and complateness of existing docu-
mentation,

€. MNumber of functions, installations, and
operations to analyze,

= =

ENVIRONMENT
Rescurces and Working Conditions

Soall group, aome travel.
Operstions that are videly diaspersed or arloat may be difficult to vieit,
Appropriate organisation charts, charters, end job descriptions may not exist.

Discovering customs, protocol, and rulss of gaining accese to inatallations and {nforwation is often
difficult for an outsider,
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SYSTEM ANALYSIS TASK 4

ANALYZE COMPUTER PROGRAM PRODUCTION REQUIREMENTS

INPUTS SUBTASKS

Inforwation 1, Determine average turnaround and availability of
- effective time for the computer,

Descriptions of languages, compilers,
assemblers, utility systems, monitors, 2, Determine project priority during the production
test data generation, and recording period,

and reduction systems
3. Examine procedures, schedules, and backlog of EAM shop,
Descriptions of the computers, snd other
equipment, its machine language and 4, Ascertain programming language or languages to be used.
command structure
5. Detect and evaluate differences between computer operations

Reports on EAM, computer and support for production (e.g., st NAVCOSSACT or contractor) and at
program usage experience and delivery the command center,
dates

¢ 6. Determine distance and time separation between program-
Details of system to be produced (real- ming starf and the test computer.
time, relocatable, task-oriented, cyclic
va. stasked job, etc.) 7. Determine procedurea for submitting programs for couputer

run,

Computer operating procedures
8. Investigate utility and support program systems, including

print, compile, assembly, etc,, to determine reliability,

Documents availalility, ease of use, and state of documentation,
Project Request 9. Investigate the monitor or executive system controlling
work on the computer, including state of checkout,
System descriptions state of modification, and functional capabilities.
Project files 10, Determine actual and potential hardware constraints
such as amounts and kinds of storsge, input/output
Manufacturer's equipment manual devices, displays, etc,, that {nfluence the designm of

the progran system,
NAVOOSSACT Instructions {policies sad
procedures) on machine requests 1l. Investigate potential back.up computers and conditions
of use,

12, Coordinate with other analysis ectivities,

13, Advise those producing Implessntation Plan and planning
for the Indoctrination of Production Personnel (System
Design Task 7) on characteristice and limitations ot
the computer and production tools.

= =

ENVIRONMENT

Ioterfuces and Dependencies

User, on location and operation of proposed and existing equipment.

Computing opsrations, on operating procedures and use experience,

Equipssat manufecturers, on equipment charecterietics,

Software producers, oo support program characteristics,

Dependent upon Bystem Analysis Task 2 and 3 for syatem information,

Potential delay in contacting user and manufacturer Zor vieits and inforeation gathering.
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DESCRIPTION Determine the requirements for program production and test, ‘the adequacy of available tools,
and the tools required to produce the proposed system by studying the total environment for program
production, including computer operations, experience with the project computer and facility, the
projected availability of the machine, the availability of back-up equipment, and amount and kind of g
programming langusges, operating systeus, and other programming support.

OUTPUTS

Information

Analyses of computer and programming tools
Advice on planned use of computer and tools
Advice on schedules and plans

lescriptions of proposed and available programming
tonls

Descriptions ¢f computing operations procedures

Changes necessary to sdapt existing tools to
Project requirements

COSTS
Accessibility of user and manufacturing
personnel and equipwent information,
Number of trips needed to collect data.

Number of interviews, conferences, and meetings
required.

Number of computers and supporting gear to be
evaluated,

Availability and adequacy of documentation on
equipment and programming tools.

Availability of experienced utility programmers
andi analysts.

Number of pages of documentation to be produced,
Costing Formula:

Senior programmer's time for analye's and
documention, estimate: 3 to Q weeks.

-w

Resources and Working Conditions

ENVIRONMENT

If nev computer, precise and current information ou computer.

Precise information on computer operations procedures and ef{ficiency.
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ANALYZE SIMILAR AND INTERFACING SYSTEMS
INPUTS SUBTASKS
Inforsation 1. Study Project rn?a and reports, and the)Catalog of
e . ADP Capabilities (NAVCOSSACT Report 0047) to identifty
i":nu:: oystems in planning, production sizilar systems and extract and evaluate useful facts.
n .
2, Interact with NAVCOSSACT departments, other agencies
Other applicable programs, procedures, organizations, and industry to 1dent;.fy systems that'
tools, and technijues vill interface vith the projected system, and extract and
evaluate the pertinent facts,
Documents 3, ldentify applicable programs, procedures, techniques,
m————— and tools by searching technical books and Journals,
Project files sources guch as the IBM Catalog and SHARE Library
listings.
Library files J
k. Coordinate the results of the search with System
Planning docussnts and reports from Analysis Task 2 personnel,
other projects
5. Isolate elements of the pProjected system, such as
Subroutine libraries routines and date files, that may be available from
other projects and systems,
Preliminary systam design documentation
6. Confirm results with command and development personnel
Proceedings of professional meetings who have had experience on similar systems; add to or
revise res:lts, ari publish,
ENVIRONMENT

Personnel of other projects, users and developers of other systems, professional personnel and societies, and

contractor and intergoverumental agenaics,

Delays in getting data ou systems outside NAVCOSSACT (particularly on classified systems),

Delays in getting clearance for access to such data anl access facilities of such systems,

Library research often overruns budgets and schedules uniese closely monitored.
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DESCRIPTION
Determine if there are systems, subsystems, procedures, tools, and techniques already in production or use,

or planned, that may iufluence the current Project or provide useful information for Project plans.

OUTPUTS COsTS
Information 1, Volume of files and literature to be searched.
Pertinent facts on similar snd interfacing systems, 2, Effriciency of information retrievel system,

and applicable tools, techniques, and procedures
3. Familiarity wvith the application involved.

4, Mumber of similar and interfacing systems

Documents identified that sust be studied and evaluated.
»
Reports documenting the above information 5. Number of briefings, conferences, and inter-

views to be conducted, both to retrieve and
to disseainate informa*ion,

6. Volume of documentation to be produced.
T. Costing Formula:

Estimate 2 to 10 man weeks depending upon the
(A. nature of the project.

= = - =

ENVIRONMENT

Resources and Working Conditions

Consideradble searching of files and literature.
( Bome contact with outside personnsl.
1
Trips and counf'.rences,

Information about systems planmd, in production, or in use--frequeatly vegue, geversl and of limited usefulness,
Adequate and useful susmaries of the professional literature seldom resdily available.

Pervonal acquaintances, conferences, and briefings are usually the best sources of iaformation.
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SYSTEM ANALYSIS TASK 6
EVALUATE CONTRACT PROPOSALS
INPUTS SUBTASKS
Information 1. Assist contracting agency in preparing system
- specifications.
System requirements
2. Assist contracting agency iv sstablishing criteria
System environment for evaluating proposals.
Production tools 3. Assist in evaluating responses to the Request for
Proposals,
Interfacing and similar systems
k. Analyse each contractor's concept for system design and
his plan and schedule for production,
Documents 5. Recommend contractor selection.
The Planning Fatimate 6. Assist in the presentation of briefings on the system
to be developed.
Reports from System Analysis Tesks
2, 3, 4 and 5
Responses to Requests for Proposals
Directions for evaluating and greding
proposals
ENVIRONMENT

Intersotions and Dypendencies

Information from HSystem Analysis Tasks 2, 3, 4, and §.
Contracting agency personnsl.

Poteutial contrectors,

Ses Chart II.
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DESCRIPTION
Assist contrscting agency in specifying the work to be dove, in specifying criteria for evaluation of

proposals, and in evaluating the proposals that are submitted.

OUTPUTS
Inforuation
System specifications
l\}nluation criteria
Briefings on the system to be developed
Evaluation of proposals and relative scores

Recommendations regarding contractor's approach
to system implementation

2.

3.

COSTS

Size of the planned system.

Type of Request for Proposal (sole-sourze
or solicited),

Number of bidders, i.e., number of proposals
to be evaluated.

Costing formula:

See Chart estimates range from 8 to 48 men
weeks, depending upon the conditions.

= =

Resources and Working Conditions

Experience in the field of information processing.

Detailed knovledge of user's requiresents,
Experience in the evaluation of proposals,

ENVIRONMENT

Slow contract proposal and evuation process sometimes requires long lead times.

Pressure to reviev quickly becauss of tight schedules.

R
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SYSTEM ANALYSIS TASK 17

ANALYZE REQUESTS FOR SYSTEM CHANGE

INPUTS SUBTASKS
?
Information 1. Establish procedures for processing change requests,
including the identification of who may initiate, “ho
Details of proposed system must suthorize their evaluation, vho must evaluate,
with vhom suggested design solutions must be
Details of requested changes coordinated, and vho has the final authority to

approve & change,

2. Evealuste design change requests as they occur on the

Documents basis of their design merit, importance to the user,

effect on schedules, costs, etc.

Requests for design change

3. Coordinate the evaluation of design requests with
the system designers and implementers.

4, Notify the change requestor of the decision made
regarding the change,

T =

ENVIRONMENT
Intersctions e Dependencies
Users, on changes i systea requiremsnts.
Designers, ot design improvements.
Inplementers, on evaluatious and suggested solutiouns,
Difficulty iu 4iscovering all the implications of cbanges upon the system,
Design change is perhaps the greatest csuse of slipped schedules after delays ceused by defsrred decisions,
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DESCRIPTION

Establish procedures for processing requests for change, and receive, evaluate, and respond

to requests for changes in system design,

OUTPUTS

Information
Evaluations of design change requests
Coordination of requested changes

Documents

Change evaluations
Coordination memos to requestor
Design change authorizations

Reports on formal disposition of requests

ment Plan, Program Implementation Plan

Changes to plans - Planning Estimate, Project Develop-

1.

3.

COSTS

The size and extensiveness of the change
requested,

Relative point in the system development ,
process at wvhich the change is requested.
In general, the later in the process the
more the cost because of more work acrapped,
more work to be done to bring the change
up-to-date, and more difficulty in changing,
i.e., more decisions needed.

The size and duration of the Project, bow
ouch might be changed, how much time for
aystem environment to change, how much time
for the user to have second thoughts, and
how much turaover among users.

Costing Formula:

Experience at NAVOCOSSACT indicates the number
of changes averages 4 or S for most proJjects,
may range up to 15 for some.

BEach change should be individually evaluated
and costed, i.e., wvork necessary, work
scrapped.

Gross estimates: 5-20% additional for costs.
10-15% for schedules.

= =

Resources and Working Conditions

ENVIRONMENT

Experienced personnsl to perform the required analyses, deeigns, aad implementations,

Coordination task, littls travel or outside contact necessary except on major changes.

Ease of evaluation depends upon the accuracy and detail of documentation and general knowledge about the system.

Hde
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SYSTEM DESIGN TASK 1
DESIGN THE TOTAL SYSTEM
INPUTS SUBTASKS
Information 1. Interpret functional requiremsnts in terms of equipment,
manpover, input types and volume, required response
Requiremente antlysis time, and operating enviromment,
Environmental and operational analysis 2, Consider alternative ways to satisfy requirements for
the total system,
Similer and interfacing system
descriptions 3. Consider interactions among functions alternatively
designed,
Cost and schedule estimatec
4, Establish criteria for expscted performance based
upon objectives.
Documents 5. OSelect a preferred system organization,
Reports from System Analysis Tasks 6. Note problem areas, decisions required by the user or
2, 3, amd 5 other non-NAVCOSSACT agencies, and any features whose
design requires information not currently available,
Planning Estimate
7. Produce a system flov diagran,
Project Developwent Plan
8. Produce a system design document,
Schedules
9, Coordinate system design with NAVCOSSACT and user
Budgets personnel,
10. Ravise and issue system design document.
ENVIRONMENT

Interactions and ndencies

Project and user personoel in the reviev and evaluation of system design.

Good design depends upon excellent integration of the previous System Analysis tasks.

Potential delays in the review and evaluation of asystem design documentation.

P R R Tt
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DESCRIPTION

Develop the total information processing system, and the system configuration that is expected to meet

requiremsnts to operate in the user's environment, and produce a system {low chart and system design

document,
OUTPUTS COSTS

Information 1. Familiarity with system requirements and
operations and degree of innovation required

System design to handle them,

Evaluations of alternative designs 2, Amount of new design needed., Usefulness of
existing designs,

3. Effectiveness with which earlier tasks are

Documents discharged,

Systeam design docusent 4. Size and complexity of requirements.

System flow diagranms 5. Costing Formulas
Estimates range from 1 to 3 man months,
depending upon the conditions indicated
above and the delays experienced,

ENVIRONMENT

Resources and Working Conditions
Complex, highly technical task.

Precision and accuracy of information crucial to good design task,

Availability of sppropriste solutious to data-processing tasks requiring innovation, are often costly.

L I e e
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SYSTEM DESIGN TASK 2
DESIGN THE COMPUTER PROGRAM SYSTEM

INPUTS
Intomt&gg

Total sysiem design (see Oystem Design
Task 1)

Similar and related systems discovered
in recearch (System Analysis Task 5)

Computer environment (System Analysis
Task 4)

Document.s

Total System Design
System flov diagram
Fcpo;'tl on similar systems

Reports on computer environment

SUBTASKS

1, Identify input data characteristics and output
requirements. .

2. Design and specify the computations, losical
manipulations, and transform.tions to be done within
each functional area.

3. Determine the mumber of programs to be used in
performing the required functions,

L, FEstimate the size of each program.

5. Diagram the flow of data and functions through the -
sequence of programs making up the data processing
system,

6. Design the data base system.

7. Develop procedures for system data editing, formatting,
storing, retrieving, and updating.

8. Reflect requirements imposed by interfacing systems
(see System Analysis Task 5).

9. Produce program system design documentation,

10. Revige and coordihate a final version for inclusion
in the Preliminary Functional Description.

i g

Tnteractions and Dependencies

ENVIRONMENT

Intersction requires coordination of analysis personnel and Project Leader attention for design evaluation,
Dependent upon timely delivery and adequacy of program system requirements and the total system design.
Potential delays in iunternal reviev of design work snd timely decisions regarding design details,

g AR
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DESCRIPTICN

Develop the design for the program system part of the total information processing system,

OUTPUTS COSTS
Information 1, System size and complexity.
Progrem system design 2. Degree of innovation and creativeness
required,

Data base design .
3. Adequacy of program systém requirements
and total system design.

Documents 4, Experience and skill of available program
— analysts.

Program System Design
5. Costing Formula:

Program System Flow Disgram
Estimated at 10% of the total Project
Data Base Design man mouths,

gt

= = - =

¥ ENVIRONMENT

Resources and Working Conditions

Creativity, knovledge, experience, and time of the senior programmers, program analysts, and Project Leader.

' Complex, highly oreative task.
Homs office euviromment, littls travel unless major changes must de included.

L B




10 May 1965 98 ™-2314/000/00

SYSTEM DESIGN TASK 3

OUTLINE THE PRELIMINARY FUNCTIONAL DESCRIPTION

INPUTS SUBTASKS
Information 1. Identify a lavel of technical detail for the
Preliminary Functional Description that will
System design promote the user's understanding of the system,
Data design 2. Specify the content components of the Preliminary

Functional Description such as:
Analysis of user's environment
+ Total System Design
Analysis of production requirements . Program System Design
+ Implementation Plan

« Operating Procedures

Data Base Design

Document s Specification of Interface Regquirements
Drafts ani final versions of documents 3. Ildentify the contributors of the cowponents of the
on system and data base design Preliminary Functional Description.

4, Schedule the production of the document,

5. Coordinate production plans vith the contributors
to the document,

s &

All other project tasks that contribute to the Preliminary Punctional Description,

ENVIRONMENT

Inteructions and Dependencies

Potential delay in the delivery of necessary information,
Potential delay in the coordination of the production plans,
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DESCRIPTION
e
Determine the level of technical detail required in the Preliminary Functional Description, develop

the cvutline of a document to satisfy these requirements, identify those who will contribute to the

document, and prepare and coordinate plans for its production,

OUTPUTS COSTS
Information 1. Degree of detail reguired in the analysis
of the user's requirements and in the
Formats and contents of PFD specifications of the document's contents.
Production plans and schedules 2, Number of persons required to review the

outline and production plans,
Coordination of formats and plans

3. Costing Formula:

Two man days per psge «f outline and
Documents schedule.

Specifications for the Preliminary Functional
Description (outline)

Production Plans and Schedules for the
Preliminary Functional Description

= =

ENVIRONMENT
Resources and Working Conditions

Usually & staff Job, editorial staff, or technical writing and editing support sctivity.

Technical vriting and graphic arts desiravle; editorial and secretarial support required,
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SYSTEM DESIGN TASK 4
PRODUCE THE PRELIMINARY FUNCTIONAL DESCRIPTION

Iard

INPUTS __SUBTASKS
Inforestion 1. writg,,,,&s"ﬁi"i of the total system, program system,
. —and systems files design activities, the component
System Design ‘ P parts of the Preliminary Functional Descriptioa.
Data Design /,///'/' ( 2. Expedite the production of the component parts of
/,/—/" the Preliminary Functional Description.
Plaus for the Prelimidary Functional
Description— "~ 3. Edit the submitted inputs, as appropriate.
. k. Write introduction and integrative chapters and ’
- wvaterial,
: Documents
5. Prepare drafts for internal and external coordination. o
Drafts sod final versions of documents . - -
on system and data base design €. Coordinate and expedite internal review and concurrence, >
Drarts of portious of the Preliminary 7. Prepare final coordimation draft, U
v Functiopal Description .
x Specifications for the Preliminary b
: Functiooal Description a3

Schedules for production of the
Prelimjnary Functional Description

ENVIRONMENT

Interactions and Dependencies

All Project tasks involved in the production of the Preliminary Functional Description.

Duplication facilities; drafting and illustretion facilities, G
Potential delay inherent in the coordination of the work of meny separats activities producing the separate cowponeats.

Potential delay in the review and coordination of the draft copies,
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DESCRIPTION

Produce and coordinate a document that describes in detail the system to be developed and the

enviromment withic which it is to operate.

- — e -
OUTPUTS COSTS
Information 1. HNumber of pages of documentation to produce.
Descriptions of the system to be devcloped 2, KNumber of illustrations to design aund produce.
Internal cc riination and concurrence on the 3. Number of separate parts to integrate and
Preliminary runctional Description explain,
4. Number of drafts produced.
Documents 5. Productivity rates of those who write, type,
review, coordinate, modify, edit, illustrate,
Drafts of the Preliminary Punctional Description reproduce, assemble, bind, and distribute
. for internal reviev the document,
Final coordination draft of the Preliminary 6. Number of reviewers.
Functional Description
T. Costing Formula:
Ignoring reproduction and review costs,
‘ tvo man days per page of documentation,
NOTE: The Lulk of the writing and revieion
costs are included iv the costs of other
system analysis and system design tasks,
ENVIRONMENT
Resources suod Working Conditions
Technical writing and coordination task.
‘ Requires editorial and duplicating support,

Writing skill required, Editorial and grephic arts support is desireble; secretarial and duplicating

support required,
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SYSTEM DESIGN TASK 5

FAMILIARIZE THE USER WITH THE SYSTEM DESIGN

SUBTASKS

Information Transmit draft and final system design documents to
user and other agencies involved,

System requirements
Promote user understanding of design via meetings,
System environment phone calls, letters, and presentations,

System design Coufirm the interpretation of user needs and the
adequacy of the plans for meeting them,

Promote understanding of interfaces with non-user
Documents agencies,

All system analysis and systea design Identify and promote understanding of data collection
documentation called out in the design.

Obtain and evaluate feedback.

Cuordinate results with the program system design and
revise designs accordingly.

= = =

ENVIRONMENT

Interactions and Dependencies

g

Al other Wilb and design activities.
User and allied agencies,

Dependent upon excellsnce of anc\yses and design and their timely completion,

Potential delays in making arrangsmsuts for briefings sud in getting feedback,
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DESCRIPTION
Inform the user and other interested agencies, at both working and command levels, of the system design

and its expected operation.

OUTPUTS COSTS

Information 1. HNumber of contacts, briefings, aad
conferences,

User understanding of the evolving system design
2. Number of agencies requiring coordination,
Interacting agencies' understanding of data

collection and other interactions with the system 3. Sophistication (knovhdge and experience
level) of user and other agencies in ADP
Feedback on the adequacy of interpretations and applications tc their operations.
* designs
4, Size and complexity of system,
Design changes
5. JAdequacy of analysis and design work.
“ . Coordination of Project plans
6. MNumber and length of trips takem.
o T. Costing Form:la:
I Documents
S

Three man days per design document per
Briefings agency contacted, plus allowances in elapsed
t time for travel.
Display material

Tk Feedback reports
Change Requests

G S s

=~ =

‘ ENVIRONMENT
r Resources and Working Conditions

‘ Requires dstailed knoviedge of total system.

c Good public appearance and ability to relate to others,

An ability to commnicate clearly and concisely about complex techuical subjects,

Many cootacts with users--conferences aod driefings,
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SYSTEM DESIGN TASK 6
OBTAIN CONCURRENCE ON THE PRELIMINARY FUNCTIONAL DESCRIPTION

Information
System requirements
System design

Functional descriptions

Documents

Drafts and final version of the
Preliminary Functional Description

==

SUBTASKS

To insure understanding, discuss the provisions of
the draft Preliminary Functional Description with
appropriate user personnel.

Make presentations and briefings, and hold conferences

as necessary to insure thorough understanding to
resolve difficulties and differences,

Coordinate the changes required to resolve ambiguities
and correct misunderstandings.

Obtain the user's concurrence and approval of the
provisions of the Preliminary Functionai Des.ription.

Publish and distribute Preliminary Functional
Description,

Document system description for incorporation in
official NAVCOSSACT documentation,

= =

ENVIRONMENT

Interactions and Depeudencies

Project leader interacts with user personnel to obtain concurrence.

Project members may intersct vith user to explain the details of design vithin their particular areas of
responsibility and to assist in the evaluation of recommendations for modifications.

Potential delay in obtaining review and concurrence.

Dependsncy on the clarity and excellsnce of the anulysis and design.
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DESCRIPTION
Present draft Preliminary FMunctional Description to the user, discuss its contents with him to insure under-
standing, coordinate the changes necessary to resolve ambiguities, and obtain his toncurrence on the details
of the systam.
OUTPUTS CoSTS
Information 1. Adequacy of prior indoctrination and liaison
—_ i (See System Design Task 5),
Briefings, conferences, and presentations
2, Degree cof participation of user in the system
Changes and corrections to Preliminary Functional analysis and design procedure.
Description
3. Technical and editorial excellence of the
Concurrence on PFD Preliminary Functional Description,

b, Size and complexity of the system as reflected
in the amount of documentation and information
Documents that must be considered in the review and
B concurrence process.

& Preliminary Functional Description

B 5. Data processing experience of the user as
Notification of user's approval of the system reflected in the amount of iadoctrination

that must be done and the number of mis-

Memoranda on changes and corrections understandings that must be cleared.

i Memoranda recording the resulis of briefings 6. Remoteness of user, ditficulties in com-

' and conferences munication and contact,

F

?’ System Description

#

;1: -

.g:‘

H

ENVIRONMENT

Resources and Working Conditions

Principally, experience and skill of Pruject Leader in personal contact snd in presenting the details
of the design,

‘ Management snd coordination task.

Many conferences, perso-al contacts,

&
¥
§
!
s
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SYSTEM DESIGN TASK 7
INDO! ' TRINATE PRODUCTION PERSONNEL
INPUTS SUBTASKS
Information 1. Arrange for programmer training in the use of the
computer, the computing facility, the programming
Knowledge of the coaputer programming language, and the compiler, as needed,
tools, operating procedures, operating
system, etc, 2. Train the programmers, as above,
Program system design 3. Indoctrinate the programming personnel in the use of
the system data files.
Data base design *
4, Indoctrinate the programming (and other) personnel
Formal MAVOOSSACT programming courses in the design of the system and the particular functions
for vhich they are to be responsible.
5. Iodoctrinate production persounel in design control
Documents and review procedures,
il Programper manuals 6. Indoctrinate contractor personnel in NAVCOSSACT
§ environment.
b4 System design documents ~
% LI
3 R 3
1 Program design documents -
g’ Data base docurents
:‘3 Computer manuals
1 Operating procedures
1’};‘: -
§~
|
ENVIRONMENT
Intersctions and Dependencies
Computing facility, on setting up curricula and arrenging for computer usage for training. :
Bquipment manufacturers, on course material. . \
{
Utility programmers, for material aod lectures. .
Other atslysis activities for information on the system and programs.
Potential delays in obtaining details about computer, opersting procedures, or programming language, or in
producing teaching materials pertinent to these,
3
Dependency upon the timely delivery of system documentation,
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DESCRIPTION
Train programmers in the use of the computer and production tools and indoctrinate them in the

design and details of the programs to be produced.

OUTPUTS COSTS
Information 1. Experience level of production persounel,
Understanding of the nature of the programming 2. Relative familiarity of the computer and
job and the tools to be used in producing the programming language.
programs
3. Availability of computer time for training.
Lectures and practicum
4, Number of lectures and practicum scheduled,
5. Changes in system, equipment, or tools design.
Documents
6. Costing Formula:
Training plans and schedules {curricula)
Without handover (i.e., analysts also
Manuals do the programming), traiuning costs
minimal, but hidden,
With bandover (i.e., new Project members
do the coding) , estimate one month minimal
rormal training time per programmer,
On-the-job training costs not included.
ENVIRONMENT

Resources and Working Counditious

Coordinatlon, teaching activities, staf: work.

Experience level of lecturers on computer and progremming tools should be high.

Good instructors are often in short supply.
Much training done on the job.

SRR . - L .-
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VI. PROGRAM IMPLEMENTATION

The process of producing programs from a set of program system specifications--
that is, of implementing the program system design--is divided into three

Phases: Program Development, the effort required to design programs that will
perform a set of assigned operational functions; Program Coding, the translation
of program specifications into program instructions; and Program Checkout, the
running of the programs under test conditions to be sure that they are relatively
error-free and will perform as specified.

Program Development repeats, on a smaller scale and a finer level of detail,
much of the previous analysis and design process, but this process is now
focused on the program system component in the information processing system.
However, a thorough and accurate job of System Analysis and Design reduces

the need to collect additional data in Program Development. To create the
detailed designs for many programs during Program Development, the work is
usually divided and so requires more people than for System Analysis and Design.

Program Coding, once detailed flow charts or other coding specifications are
produced, is a straightforward task. However, even in the Coding Phase, many
opportunities for improvement in the detailed design may be detected. In
. . practice, design work does not cease with the coding specifications, but
& continues not only throughout code production but throughout checkout of the
programs. Subject to many errors, coding needs thorough checking prior to
program test to detect and remove illegal operators, misspelled and misplaced
data references, and errors in logic.

Program Coding is usually done by dividing the programs into many small
routines, each of which is coded, compiled, and checked out separately before
being assembled into larger blocks and finally into a complete program. A
great deal of the work associated with Program Checkout, then, is actually
done during this gradual code checking process. No matter how thorough this
code checking is, hovever, it does not entirely guarantee that the program
vill perform according to specifications either by itself or in combination
with other programs. In fact, testing the performance of the individual
programs, and of various program combinations, to insure the quantitative
performance of the programs, is one of the lengthiest and most important
aspects of Program Implementation,

A. OBJECTIVES

The mission of Program Implementation, in general, is to produce computer
programs that perform, in a reliable and error-free manner, the data
processing functions specified during the System Analysis and Design
Phases. Program Development includes the detailed analysis and evaluation
of the functions a program is to perform, the design of program logic and

Y i S R T
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a data structure that will perform those data processing functions
efficiently, and the specification of that design in a form, such as
detailed flow charts, that is readily amensble to coding.

Program Coding includes translation of program design specifications into
error-free program code, and detecting and removing design deficiencies as
the coding progresses.

Program Checkout includes the thorough evaluation of the code produced,
to detect and remove all errors and to diagnose and remedy all operating
deficiencies and failures to perform as specified.

B. TASKS
For Program Development, the tasks are: ’

l. Develop program system test plans

2. Design programs .
3. Design program files

4, Establish system files

For Program Coding, the tasks are:

l. Code the programs
2. Desk check the programs

For Program Checkout, the tasks are:

1. Learn the test enviromment and test procedures
2. Compile and check the program code

3. Test individual programs

k. Test program subsystems

5. Test the program system

On small Projects, all tasks except Program Checkout, Tasks 4 and 5, may
be performed by & single person assigned to each program. Project
personnel who have designed and coded the individual programs usually
have too much ego-involvement in the completed work to be sufficientlyv
critical of its deficiencies in logic or design. To promote objectivity,
the inspection, test, and certification of programs and associated
documents should be performed by other individuals,
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The division of large (10-30 thousand or more imstructions) program systems
into smaller parts for design and coding creates the need to integrate
program parts produced by several people. This need may also arise when
programs (designed to run as a system or under a common program mnitor)
are produced by several organizations. Since testing program systems and
subassemblies involves the work of several people, a separate organizational
entity for test work can be both efficient and objective. This test crew
can design program subsystem and system tests, produce test materials, run
tests, and evaluate the results.

In test design, all program paths should be exercised with representative
values and some illegalities. This first level in the test hierarchy tests
a small unit, e.g., 200 to 2000 machine language instructions that may be
a routine or a program. At this level, as few as 25 instructions and as
many as tens of thousands of instructions may be tested. For this test,
the program is usually operated in a simulated enviromment and actual
outputs are compared with expected results derived or calculated prior to
the test., Test plans must specify the program environment, and test designs
must specify the inputs and expected outputs based upon the program design.
After each test run, the programmer analyzes the results and makas correc-
tions to the code. All corrections must be verified by repeating the
program test. The cycle of test, correct, and retest is usually repeated
many times before a program operates satisfactorily.

The principal purpose of the program system test is to determine whether
or not the computer program satisfies the requirements for operational
information processing as described in the Preliminary Functional
Description. In developing large systems, subsystem tests may be conducted
in a similar manner prior to system test to check performance for only
parts of the Preliminary Functional Description. Beth simulated and
"real" or actual data may be used, Simulated data are preferable for
tests requiring close control of the test conditions; real deta reflect
the vagaries of actual operaticns and are preferable for testing system
reliability and validity. System tests are not usually single, one-shot
operations; normally, a battery of "system tests" is used to prchs
system operation under a variety of conditions. When several versions

of the same basic program system exist for use in different operatiornal
environments, e.g., different equipment, data base, and functionai
requirements, many additional system or "adaptation" tests must be run

as vell as the basic system test. Further, system tests must Le repeated
each time a major change to the system i3 {mplemented or a nev varsion or
model of the system relesased. Hence, a get of well-designed and maintained
documents to record system tests may be a permansnt asset for continued
progran system development. The value of these racords is further
increased by detailing the procedures, technigques, axd tocls as well

as feedback on theu,
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C.

COMMUNICATION, COORDINATION, AND CONTROL

At the time of Preliminary Functional Description (PFD) concurrence, as
the Coding Phase begins, the overall program system has been designed, the
individval programs have been identified, and a set of documents specifies
requirements, functions, and data structures in some detail. It would
appear that the work can proceed on the design and coding of the specified
programs independently. This is not so. Even with a detailed PFD, the
opportunity usually exists for making further decisions about details in
the designs of programs that interact with other programs or ebout the way
in which the program and the data will be handled by the user. Therefore,
the Project Leeder and the Coding Supervisor must coordinate the detailed
design work and further monitor and control it to insure that design
compatibility among parts of the program system is maintained. To fulfill
these responsibilities, the Project Leader must insure that all design
decisions and changes are disseminated to all Project personnel.

Specifically, during Program Development, Coding, and Checkout, the Project
Leader should coordinate:

. Requirements and plans for use of "real" data for testing, or for
Joint testing with the user.

. Input and output formats vetween interfacing programs.

« Commnication reguirements of programs with the executive or control
prograi,

. Data designs wath the central data base and central data file.

~ Al)l data and program changes.

. Data file requirements and work with the computing facility.

« Portions of uter documentation with all other programs.

. Program changes and corrections with test personnel.

« Requirements for interfaces with other systems--existing or in
development, manual or ADP--such as data standards or timing
requirenents,

The Program Checkout FPhase, like the Andlysis and Design work, requires

a high ievel of communicatior and coordination. In doing their jobs,
checkout personnel must interact with:

L2
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D,

Tae program analyst and designers to determine test requirements and
to insure that system requirements are stated in a precise and testable

WaY .

. The personnel in the Coding Phase who are developing individual program
requirements, designs and test plans,

. 'The personnel of the EAM and computer operations, to set up procedures
to make arrangements for running tests, and to reduce test data for
evaluations,

. Responsible programmers, to modify and correct programs during testing.

. Users, to determine testing requirements, to coordinate the use of
operational facilities for tests.

During Checkout, the Project personnel depend upon adequate and timely EAM
services and computer support, and close cooperation between the machine
room and test personnel is mandatory, because slight inelficiencies in
procedures that increase turnaround time may seriously slow progress in
the Project. Test personnel in the Project need test results as quickly
as possible to initiate corrective action when program errors are
detected. Interaction with the individual programmers during subsystem
and system testing may become difficult and costly if the test fecility
is separated from the main programming activity by some distance. For
example, this separation may slow the development of procedures for
modifying and correcting programs quickly or for finding soluticns to
design problems. Also, arrangements should be made for & speciai supply
of test tapes to record or store intermediate results and to accurateiy
account for the results of several runs of the same programs and tests,

Interpretation of requirements, and arrangements for test data and live
environment tests are only a few of the reasons for interaction with the
user, To anticipate demonstration and turnover, there may be joint
conduct of tests, use of user operators and facilities, and user aid in
evaluating test results. Interaction with users and with equipment
manufacturers may be needed for Joint machine-program integration tests
to test the appropriate functioning of both.

SUPERVISION
Again, during the Program Implementation activity, the supervisor's task

ie to monitor all activities and review products. Specific items to be
evaluated in each phase are shown below.
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Program Development Phase:

. Program system design documentation for sufficlency of detail arnd
quality of design.

. Table designs and file structures for completeness, compatibility,
sufficiency of detail and quality of design.

. Individusl program designs for completeness, compatibility, quality,
and efficiency.

. Storage allocation plans for feasibility, conflicis, potential timing
problems, and efficient use of storage.

P . Program system test plans for adequacy and accuracy.
Program Coding Phase:

« Program code for conformance to program designs and programming
. conventions, effective and efficient use of the programming language,
adequate use of libraries, and adeguacy of commentaxy.

Program Checkout Phase:

o Test plans and test designs,

+ Test results.

« Test documentation and reports.

The Project Leader should try to anticipate and avoid delays of various
kinds during Program Implementation. Once under way, this activity is
delayed by even a proposed change, e.g., by time spent to evaluate the
implications of the change. Any change may result in a considerable
amount of work being scrapped as detail designs for processing and data
structures are redone and recoded. When the programs reach system
: testing, the Project Leader should try tc defer changes to a later
version of the system. To meet schedules, the work should not stop wvhile
) decisions on changes are being made; therefore, quick decision-making
will reduce the costs of changes that require rework.

During the Program Checkout period, many critical, wnanticipated diffi-
culties arise that require the supervisor to spend time either solving
problems or expediting decision-making by other agencies.

o e AR T
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E. COST FACIORS

Little experience data are available on the cost of designing and coding
as distinct activities in producing & program. Some expert programmers
can produce a detailed flow chart in one day, describe data tables in two
days, and write the code in another two days for a relatively simple
1000-instruction program--a total of one man week. With design and code
complete, the programmer must now check out the program; and this may
require several times as much work. Generally, program design and
coding progress by fits and starts as the programmer tries design
spproaches, sees some improvements, and then reworks his design and code.

The basic tasks such as designing programs, designing tables, and coding
programs are most easily costed. The tasks that contribute less directly--
planning tests, establishing the central data file, supervising, and
documentation--are less readily costed. Some rough rules of thumb are:

* Planning tests One man month per 10,000 instructions *

Designing programs and data One man month per 1,000-2,000 instructionge-=
more effort when the totel system size

c exceeds 30,000 instructions
Estabiishing files One man month per 10,000 items
Maintaining files One man per month for each 40,000 items
Coding and desk checking One man month per 5,000 instructions

For program testing, the size, complexity, and degree of innovation of the
program system are primary determinants of cost. However, such factors as
vhether the test facility is conveniently located, the system specifications
and test specifications precisely and unambicuously stated, and the test
data voluminous and complex can seriously affect test costs and schedules.
Tests are needed for each function, each subfunction, and each interaction
as vell as many joint effects. Since the number and size of tests are
dirfficult to establish before the system has been thoroughly analyzed,
prediction of costs is difficult. Computer runs are made to test programs
that range between one hundred and several thousand instructions each, amd
under all sorts of conditions, so that the size and length of individual
tests ia more difficult to estimate than the number of tests. Some data
that represent SDC experience with testing systems are shown bdbelow:

. # Tnstructions refer to machine language instructions.
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(page 117 blank)

Cost Range Average
Computer hours per man month 1-6 4
Computer hours per 1,000 instructions 17
Computer hours per run : 0.25
Runs per man month 3-11 5
Runs per 1,000 instructions 3=30 19

SCHEDULES

Since Checkout may take 50 percent or more of the total program development
time, realistic and detailed scheduling is required. Short-term arrange-
ments are equally as important to long-term schedules. For instance, in
scheduling subsystem test runs, the test team should always try to have
alternate run sequences laid out in case the planned sequence "bangs up"

on a program fault early in the series of runs. If it can be avoided,
conputer runs should not be scheduled that depend upon the successful
performance of any one program, but sets of independent programs and
routines should be scheduled. Testing should not come *o a halt while

the results of a particular test are evaluated, nor should many runs of

an apparently successfully operating program be accumulated before test
results have been verified,
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PROGRAM DEVELOPMENT TASK 1
DEVELOP PROGRAM SYSTEM TEST PLANS
INPUTS SUBTASKS

Information 1. Develop program, Subsystem, and system test requirements
* .sed upon system requirements (see System Analysis

Progranm system design Task 2.

System requirements 2. Deve op and document a test plan to establish the test
eiviacusent, including initial data values, configurations
of equipment, and setting of switches.

.Documents 3. Develrn and document designs for a series of tests,

- specifying data paths, illegalities, inputs, and

Program and system design documents expected outputs and results.

Preliminary Functional Description 4. Comple*e Program System Planning Sheet.

S. Review test requirements and design with Project Leader
and programmers.

*

ENVIRONMENT

Interactions snd Dependencies
Programaers on test plans and test requiraments.

Tendencv to delay test planning until program design and coding are undervay may retard and deg-s - 7 fort.

[
Dependent upon the precision and sccuracy of system requirements and system design documentation.
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DESCRIPTION
Develop and document program system test requirements, test plans, and test designs to provide the specific plans

and criteria for program and system evaluation.

OUTPUTS COSTS
Information 1. Clarity and "testability” of réquirements.
Program, subsystem, and system test requirements 2. Complexity and variety of inputs and outputs.
Program, subsystem, and system test plans 3. Number of decision points and timing
Progrea system test design L, Size and complexity of the system,

5. Costing formula:

Docusents One man month per 10,000 estimated
— machine instructions.

Progrem, subsystem, snd system test plans and
requirements Time required to implement test designs
(e.g., generate test data) not included.

Program system test design

= =

Resources and Working Conditions

ENVIRONMENT

Requires senior person vith test experience; may be the progrem analyst.
‘ Complex, creative taske-requires critical and detailed evalustion of system requirements and system design.
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PROGRAM DEVELOPMENT TASK 2
DESIGN PROGRAMS
INPUTS SUBTASKS
Information 1. Design logic and flowchart each subunit (program) in
detail.
Progrea system requirements
2. Specify all input and output message formats.
Program system design \
3. Search program libraries for available subroutines.
Data base design .
4, Coordinate input and output message formats with
Taput/output equipment characteristics interfacing progrems.
5. Coordinate design and communication requirements vith
executive control program requirements.
Documents
6. Determine data rates and characteristics of imput and
Preliminary Functicnal Description output equipment.
Program System Design and Data Base Design T. Analyze timing requirements and resolve potential
timing problems.
8. Review program designs vith supervisor and other
programuers and revise designs, as necessary.
9. Write and coordinate progrea specifications.
ENVIRONMENT

Interactions snd Dependencies

Programmers of interfucing programs.
Programuers of executive control progrea.

Depandent upon timely delivery of precise, detailed, and sccurats system and data base design documentaticn.
Potential delay in the reviev and approval of progrem designs.
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DESCRIPTION

Design and document the individual programs and routines that have been specified (see System Design Task 2),

COSTS
Completeness, accuracy, and clarity of program

Designer's familiarity of area of application
(i.e., experience with similar programe).

Degree of innovation required.
Size and complexity of programs and system.
Strictness of timing and storage limitations.

Rumber of logical blocks, dependencies, inter-
faces, program .esponse requirements.

Rumber and range of inputs and outputs.
Mathematical vs. logical tasks.
Hardvare constrsints on program design.
Firmness of system design.

Experience level of programmers.

One man month per 1000-2000 machine

One man month per 1000 instructions
vhen the progrsm is large (e.g., over
30,000 instructions).

OUTPUTS
Information 1.
system designs.
Program designs »
Input/output messege formats
3.
Program commmication requirements N
Timing analyses 5
6.
Docuiiants 7.
Broad, detailed flov diagrams of each progrem 8.
.
Progrem specirications 1o
1l.
12. Costing formula:
instructions.
ENVIRONMENT

Resources and Hom Dopdit: a8

Detailed, crestive work. Fev external contacts, little travel.

Requires close —cordinsticn vith other programs.
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PROGRAM DEVELOPMENT TASK 3

DESIGN PROGRAM FILES

INPUTS SUBTASKS
M Information 1. Identify the files used or generated by the program
Iy - that are unique and those that are common to this and
.’i System requirements other programs, and analyze the flow of data among the
% programs.
5 System design
2. Design, for each program, formats of internal tables.
?f‘ Data base design
2 3. Ccordinate designs with central data base (see System
& Data flows

Design Task 2) and/or other standards or constraints
ror data elements,

Input/ output requirements

e
L
.

Specify, for each program, all inputs and outputs,

Program specifications identirying sources and destinations, rormats, and

sizes, -
: 5. Allocate blocks ol primary and secondary memory for
> Documents storage of program and data and, it necessary,
: coordinate storage allocations with the central
A Design documentaiivu, flow diagrams data base,
Preliminary Functional Description 6.

Reviev designs with supervisor for accuracy,
completeness, and adherence to standards.,

G A

7. Coordinate designs with program testing and other
activities to insure that forms and formats will
permit easy testing and documentation, and allow
for possible trade-ofts of space ror time, etc.

ENVIRONMENT
Interactions and Dependencies

Central data base personnel, on file and table formats and storage allocations.
Progran test parsoanel, other programers.
Depandency upon p.-tiseness und accurecy of system data descriptions in system designs.

: Potential delays in the coordination of table designs and data requirements vith central data base and other
, 3 Progreas.

© ek 4 s
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»

: DESCRIPTION

7 Develop and define the farm of the data elements to be manipulated by each program, lay out storage allocations,
5? and document r . ) as data structures.

OUTPUTS COSTS

§

\ Information 1. Amount and variety of data hendled by program.
? Formats of internal tables 2. Size and complexity of the system.

g Spacifications for data storage allocations 3. Amount of unique and independent data vs.

& amount of common, interdependent data.

Lk, Number of tables, items, files, classes.

: . Docuzents

5 5« State of organization, format, and validation
Table layouts of available data.

; . Storage layouts 6. Rate of change of data.

T. Storage and/or timing constraints.

AT B FL R I R

8. Security classification of the data.

9. Costing formula:
One man month per 10,000 items

Sov e

e A e

! ENVIRONMENT

Resources and Working Cooditions

Knovledge of large database structures--iheir organization, saintenance, and associated machine storage
charecteristics,

s Detalled, crestive task.

Knoviedge of etandards that say exist for data elewments.
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PROGRAM DEVELOPMENT TASK 4

ESTABLISH SYSTEM FILES

Iateractions snd encies

INPUTS SUBTASKS

Information 1. Specify central data file structure and conveuntions

—_— of information description.

Progrem systex design

2. Specify size, coding, and structure of files, tables,

Data base design and items of common information.

Common data structures 3. Cvordinate and document changes, additions, and
deletions.

Written and verbal data descriptions

4, Tasue periodic reports or listings specifying the
current contents of the data files.

Documents 5. Use EAM and/or ADP equipment and processes, as
appropriate, to create and uypdate the files.

Progras system design

6. If necessary, cooparate with the appropriate

Data base design programuing persomnel to create or modify the
file maintenance programs used to create and maintain

Flov diagreas the central data tables.

Data description input forme T« Devise and coordinate the procedures for interecting
with the central data files and establish aschedules
and deadlines for the periodic maintenance of the
files,

8. Interact with the programmers in defining efficient
and appropriate data structures in light of the
requirenents of the programs using the common data
tables.

ENVIRONMENT

Programers, on data structure requirements, and on collection and coordination of dats descriptions and structures.

Utility programaers, on crestion of appropriate file maintenance system progrems.

Depavdent upon coopersiion ¥ith progremmers, and upon mansgement support.

Ptential delays in programmers’ defiaitions of data requiresents and specifications of exmet deta structures

and definttions.
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DESCRIPTION

Develop ard maintain a central accounting cystem for information used by more than one program in the program
system; document the central data file structure and the procedures for maintaining it; and periodically issue
listings of the central file contents.

OUTPUTS COSTS
Information l. Size and compleaxity of common data structures,
Data structures 2. Size and complexity of total progrem system.
Data descriptioas 3. Number of programmers and prograss whose

data structures must be coordinated.
Centrel data tables
k. level of integratiorn of progrsa systea

N Coordination of date and structures and degree of interdependence of progrems.
Efficient common data structures and storage 5. C(loseness of control required over space
allocations and processing time.

Control over system data 6. Degree of responsibility of central data
table maintenance operation for controlling
space and time efficiencies, and degree of

management support.

7. Level of knowledge afid akill of personnel
in data structure, design, and programser

Documents intersction.
H : Descriptions of central data tablee 8., Costing for.oula:
Instructions for use On small project (2-3 progremmers) one

person, part time., Estimate one man month

Coordination memos pexr 10,000 machine instructious,

. Listing of contents of files On large progoct (over 50,000 machine
instructions), tvo man months per 10,000
instructions.

= = - =

ENVIRONMENT

Msources and Working Conditions

Production control staff operations.
. Only moderate progremming skill required.
Thorough understanding of the system, its operation and odjectives.

8kil1l I{n the design and efficient data structures and in detecting such inefficiencies as redundant dats
definitions, eto.

Appropriate skill and authority to control data flove and storage allocations, ss required,
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PROGRAM CODING TASK 1
CODE THE PROGRAMS
INPUTS SUBTASKS
Information 1. Study and understand the program and data base designs.
Progranm design details 2. VWrite coded program statements from detailed flow
charts or othexr program design documentation.
Coding conventions and standards
3. Look for common or standard data processing functions
"ata definition details and search subroutine libraries for applicable
. subroutines to insert in the program code.
Subroutine libraries
4, Review program code by looking for:
« Msspelled, illegal, or missing operation codes
“Documents and expressions.
Detailed program fiow diagrems + Undefined, doubly defined, and unreferenced data.
Program design documentation . Logical errors.
Data base documentation
listings anda descriptions of available
subroutines
User's manual for the programing
language
User's manual for the operating v
system
ENVIRONMENT
Jnteractions and Dependencies
Interact vith program designers, if not ths same as *'. coder,

yrograming supervisor,
central data filee persvnnul.

L

Uependsnt upon timely delivery of progrsm design specific: iions
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DESCRIPTION

Translate flov diagrams and other statements of program designs into coded instructions.

OUTPUTS COSTS
Information 1. Size and complexity of programs coded.
Coded program statements 2. Proportion of nev and reused code.

3. Fanmiliarity of the progresming language,
camputer, and oporating system.

4, Procedure-oriented vs. machine-oriented
' language.

S. Experience level of coders,
. 6. Costing formila:

Crosa estimate at one man month per
5,000 instructions.

Estimate that 2,000 procedure-oriented
language statements are roughly equivalent
L to 10,000 machine=language instructions,

= = = =

ENVIRONMENT

Resources and Conditions
Less experience and skill required than for progrem design or analysis.

(. Usually performed by those vho design the progrems.
Relatively straightforvard task, some room for croativity and cleverness.
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PROGRAM CODING TASK 2
DESK CHECK THE PROGRAMS

SUBTASKS
Information Obtain a keypunched and verified symbolic program listing.

Program listings Review (desk check) program listing for errors, checking
for illegal expressions, coding mistakes, and data errors.
Program design detalls
Compare program code to program flow charts to be sure
Coding conventions and standards that all functions are completely coded and to trace
the logic of the program to be sure that no logical
Data definition details errors have occurred.

Obtain an independent review of the program from either
the programming supervisor or a semior programer.
Documents
Correct all illegalities and reprogram the logical
Program flov diagrams errors and inefficiencies that were detected,

Program specifications Review (desk check) the code of other programmers to
) detect illegalities, logical errors, and programning
Data description listings inefficiencies.

User's mg.u:ils for tae programuing
language u. . computer operating
system

= =

ENVIRONMENT
Interactions and Dependencies

EAM, and other computing facilities,

Programning supervisor and/or senior programners in reviewing the adequacy and correctness of the program code.
Dependent upon the timely production of code.

Potential delay in slow turn-around time in the keypunching and listing of code.

Potential delay in obtaining supervisory and other raviews of program code.
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DESCRIPTION
Desk check program code by looking for illegal expressions, erroneous data reference . progrem logic errors,

programming inefficiencies, and deviations from program specifications.

OUTPUTS COSTS
Information 1. Size and complexity of programs checked.
Assurance of coding quality 2. Proportions of unfamiliar and difficult code.
Detection of prograsm exrrors 3. Familiarity with the programming language,

computer, and operating system.

4, Procedure- vs. machine-oriented language.
Documents

5. Experience level of checkers,

Desk checked symbolic program deck and listing
ready for compilation 6. Excellence of code checked in terms of being
wvell-organized, easily understood, free from
errors, and simple.

T. Costing formula:

Cost included in the effort to produce
the code (see Program Coding Task 1),

A A

ENVIRONMENT

Resources and Working Conditions

Usually performed by those who vrite the code and by the programing supervisor or leadman.

Requires c.nsiderable knovledge of programming technigues and of the coding conventions and standards established
for the Project.

Tedious, mechanical task, calling for & sharp anmd critical eye in detecting «rrors and inefficiencies in progrem
code.
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PROGRAM CHECKOUT TASK 1

LEARN THE TEST ENVIRONMENT AND TEST PROCEDURES

INPUTS SUBTASKS

Informaticn 1. Learn the computer room procedures, paper work reguired,
turnaround time, priority system, test decks, and test

Computer room procedures data identification.

Computer availability 2. Learn the characteristics of the utility system, support
programs, monitor system, and test data generation,

Computer program test procedures recording, and reduction programs.

Special project procedures 3. Identify the various positions that must handle a job .
submitted for machine processing and where delays may
occur.

Documents 4. Learn the procedures for retiring test decks and test .
tapes.

Utility and support program descriptions

5. Become acquainted with computer operations personnel.
Equipment manuals

A

-4

ENVIRONMENT

Interactions and Dependencies .
Computer opsrator personnel,

- g
Couriers cr messengers. *,}
Complexity and sise of data base.

Timely access to computer room personnel and availability of procedures.
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DESCRIPTION

Using test requirements as a framework, learn the procedures for using the computer, the utility system, and other

support systems.

OUTPUTS
Information

Ability to use procedures, compilers, computers,
and progremming support tools

COSTS

Adequacy of documentation of computer room
procedures and test procedures.

Programmer experience with the computer
facility.

Adequacy of documentation of equipment,
and utility and support tools.

Stability (few changes) in the programming
tools and the control programs, and rapid
communication of any changes.

Costing Formula:

One man wveek per programmer.

= =

=~ &=

Regources and Work Conditions

Progranmmer test experience .

ENVIRONMENT

Mostly on-the-job training; little docusentation of procedures; relatively straightforvard task .
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PROGRAM CHECKOUT TASK 2

COMPILE AND CHECK THE PROGRAM CODE

INPUTS SUBTASKS

Information 1. Submit first block of symbolic code for compilation with
appropriate job request.

Identification of language type
2. Prepare subsequent blocks of code while waiting for the
Instructions required for assembly or results of compilations, until all blocks are in process.

compilation
3. Receive print-outs of compilations and modifications and

5;;/. desk check for g&\mtic&l and logical errors.

Documents 4. Correct errors; repunch cards, as required; produce new
deck or tape; and modifiy, reassemble, or recampile program}
Program deck in the form of symboli- as appropriate.
cards .
S. Assemble subblocks of code into larger blocks until
Assembly or compiler program program or routine is compiled as a completed unit.
Computer Sob Request 6. Store correct program in binary form in program card

file and/or on system tape for testing.

< T

;
¢ ENVIRONMENT

Interactions and Dependencies

Computer operstor personnel.

Couriers or messengers.

“ Utility or operating systea .
5 ] Relisbility of computer and utility programs.

& Competition vith other machine users,
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™

DESCRIPYION

As individual blocks of code are written in ¢ither symbolic assembly language or procedure-oriented language,
aasemble or compile each block into machine-readable (binary) form, check the listipgs for errors, correct the
code and recompile, continuing this process until a satisfactorily compiled program or routine is obtained.

OUTPUTS COSTS
Documents 1. Availability of reliable assembler or compiler
A in bt , available on 13, tape, and and accurate documentation.

print-out, ready for prograa testing 2. Availability of computer time and EAM support.

3. Programmer experience.

k., Costing formula:
Computer time rule of thumb for compiling with
JOVIAL®

average 150 statements/minute
range 75-300 statements/minuted#

WN-WD= 15 7/000/00 describes the operstion and use
of this JOVIAL compiler.

*#ote that thege statements generste both
instructions and data.

= T

Resources and Working Conditions
’ Adequate diagnostics and understanding of the compiler.
Computer time and opsretor akill.

ENVIRONMENT
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PROGRAM CHECKOUT TASK 3

TEST INDIVIDUAL PROGRAMS

INPUTS SUBTASKS

Information 1. Review and evaluate program test plan that specifies
test environment. (See Program Develomment Task 1.)
Program test plans, requirements and
schedules 2. Develop and document program tegt design that specifies

inputs and expected outputs, data paths, and illegalities.
Program requirements and designs
3. Produce test data required by test design.

4, Run program using simulated inputs and environment and

Documents test for expected outputs.

Program Design Specifications 5. Develop recording specifications as needed.

Program Test Plan and Test Design 6. Document results of the program test end error corrections.
including input test data specifications

and expected outputs T. WVrite, coordinate, publish, and distribute a complete

description of the program.
Program Environment Specifications
including systeam data tables, other
programs, and executive or coatrol progrem.

Program Symbolic Deck, Binary Deck,
Listing, and Memory Allocation Chart

Program Change Requirements

Interactions and Dependencies ENVIRONMENT
Progrea designers and system designers.

Computer opsrator personnel.

Subaystem Test activities,

Coding sctivities.

Other subsystem developers.

Relisbility of computer and software,

Computer turnaround time.

Unscheduled computer maintenance.

Competition vith other computer users.
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DESCRIPTION

Within the requirements set forth by general plans and requirements for program testing (see Program Development Task 1)
plan, design, produce, and run performance tests of the individual programs to igolate and correct errors, rerunning
the tests untill all program requirements and design specifications are satisfactorily met.

OUTPUTS COSTS

Information 1. Awveilability of computer: total computer time

and turnaround time.

Program test désigns, test data, and run results.

2. Availability of programming tools and descrip-
tive documentation.

Recommendations for future program modifications

3. Adequacy of test planning and design.
Recosmendations for approval or deferral of
requirements and design features 4, Number of instructions in progrsm to be tested.
Assurance of program quality 5. Number of inputs and outputs.

6. Extent of innovation and complexity in the

progren design.
Documents
T. MNumber of program design changes to be
Documentation of designs and tests implemented.
Reports of run results and actions taken 8. Extent of procedural documentation.
Memoranda on recommended changes 9. Costing formulas:
Progrem Descriptions Anticipate one error per thirty instructionsd

All testing requires betweer U40-50 percent
of total develorment efforts.

Prograas test requires about 20 percent of
the testing effort.

ENVIRONMENT

Resources and Working Conditiosns

Coatinual interection vith the computer and attendant delays require careful planning of progremmers' time. Delays
may be used for parellel activities such as documentation, replanning , and study.

Programrer experience in testing, test planning, and designing.
Computer time.
Support progrems (testing tools).
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PROGRAM CHECKOUT TASK 4
TEST PROGRAM SUBSYSTEMS

INPUTS
Information

Prograr subsystem test plans, requirementg
and schedules

Documents
Program System Design Specifications
Program Subsystem Design Specifications

Program Design Specifications

Program Subsystem Test Plan and Test
Design including input test data
specifications and expected outputs

Decks of tested program(s) that constitute
the subsystenm

Data Base Design Specifications

Program Subsystem Environment Specifica-
tions including other subsystems,
executive or control program

Program Test Results
Program Subsystem Change Requirements

Interactions and Dependencies

Prograa designers and system designers.
Computer operator Persoanel.

Program test activities.

Reliable computer and softvare.
Computer tursaround time.

{* :cheduled computer maintenance.
Cowpetition vith other computer users.

SUBTASKS

1. Review program subsystem test plan that specifies test
environment. (See Program Developwent Task 1.)

2. Develop and document program subsystem test design that
specifies inputs and expected outputs, data flows, and
illegalities.

3. Put programs that constitute subsystem together.

L. Produce test data required by test design.

5. Run program subsystem test using simulated inputs and
enviromment, and test for expected outputs.

6. Document error corrections and evaluate results of
program subsystem test.

ENVIRONMENT
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DESCRIPTION
Within the context of the more general program system test plans, design, produce and run program subsystem

tests for physical integration of functionally interdependent blocks of programs to isolate and correct
failures of functional interactions and failures to meet program specifications.

OUTPUTS COSTS

Information 1. Availability of computer: total computer
time and turnarouni time,

Subsystem test designs, test data, and run results
2, Availability of programming tools and

Recommendations ror future subsystem modifications descriptive documentation,
Recommendations for cancellation, modification, or 3. Availability and accuracy of raw test data.
deferral of requirements and design features
* 4, Adequacy of test planning and design,
Assurance of satisfactory progream interactions
in the subsystenm 5. Number of instructions in program to be tected.
. 6. Number of inputs and outputs.
Documents 7. Extent of innovation and complexity in the

program design.
Documentation of designs and tests
8. Number of program design changes to be
(~ Reports cof run results and actions taken implemented.

Memoranda on recomnended changes 9. Extent or procedural documentation.

10, Number or displays in subsystems,

11, Costiog formula:
Varies between zero sod thirty percent of
total testing eftort depending cn number
of subsystems,

All testing requires between 40-50% of total
developmeat eftort.

ENVIRONMENT

Resources and Working Conditioons

*Subsystes,” "task,™ “st .ag," or “assesdbly" testing usually iavu.ves considersble pressure, relat!vely long

computsr runa, late bours, amd many conferences on cstastrophic program fallures and ewsrgency changes to plans
‘ sbd schedulss brought about by unexpected fallures, delays, and changes.

Progremmer experience in testing, test plaanning and designing.

Couputer time,

Support progrems (testing tools).
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PROGRAM CHECKOUT TASK 5

TEST THE PROGRAM SYSTEM

INPUTS SUBTASKS

Information 1. Review program system test plan and design--revise as
needed. (See Program Development Task 1.)

Program system test plans, designs, data
and schedules 2. Integrate program subsystems for program system test.

3. Run system test with simulated and/or real inputs and
environment and test for expected outputs.

Documents
k. Document the results of the system test and error correc- .
Program System Design Specifications tions.
Program System Test Plan and Test 5. Rerun corrected program system and test for expected
Design including input test data outputs.
specifications and expected outputs -

Program System Environmeat Specifica-
tions including system data tables,
executive or control program

Program System Symbolic Deck, Binary
Deck, Listing, and Memory Allocation
Chart

¢.9

Program Subsystem Test Results

Peripheral Equipment Operating Descrip-
tions

WA

ENVIRONMENT
Interactions and Dependencies

Program designers and system designers.
Computer cperstor personnel.

Subsystem test activities.

Turnover and Demonstration activities. Q
Other system developers.

User personnel.

Periphersl equipment.

Dependency onb relisble computer, softvere, and peripheral equipment.

ST DA I R NI e P N IRV I R O R
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DESCRIPTION

Within plans for the overall quality sssurance of the program syatem, design, produce, and run tests (usually
consisting of a series, or incressing size and complexity) of the total program svstem to isolate and correct

system malfunctions.

OUTPUTS
Information

Program system test data and run results

Recommendations for future program modifications

Recommendations for approvals or deferral of
requirements and design features

~

Assurance of program system quality

Documents

Documentation of designs and tests
Reports of run results and actions taken
Memoranda on recommended changes

Program System Description

11.
12,

13.

15.

COSTS

Availability of computer: total computer time
and turnaround time.

Availability of programming tools and descrip-
tive documentation.

Adequacy of test planning and design.

Number of instructions in program system.

Number of inputs and outpuis.

Extent of innovation and complexity in the
program design.

Number of program system design changes to
be implemented.

Extent of procedural documentation.
Number of displays in subsystems.

Extent of innovation and complexity in the
system design.

Number of system deaign changes.
Extent of concurrent system development.

Number of organizations lnvolved in system
test.

14, Adequacy of reslistic test data.

Costing formula:
About 506 of total testing effort.
All testing requires between 40-50% of total

development effort; therefore system testing
comprises about 25% of the total effort.

Resources and Working Conditions

ENVIRONMENT

Programmer experience in testing, test planning, and designing.

Computer time.
Support programs (testing tools).

A great deal of coordination and communicetion are required to complete system test; therefors, adequate planning is

easential.

Distinction between errors in hardwvare and software is at times very difficult.
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VII. SUPPORT AND TURNOVER

The last set of Phases in the program system development process are those
associated with prepearing for and making the delivery of the system to the user.
This includes preparing operating and maintenance manuals, helping the user
prepare to operate the system through training and assistance, conducting the
demonstration trials, and working closely with the user during the period of
shakedown to detext and correct any remaining program errors.

The tasks associated with support of the user, although sometimes viewed as an
imposition by those interested solely in the design and coding of computer
programs, are an extremely important activity from the manageriel point of view.
The perceived success of the Project may rest upon how well the user understands
his new system. Therefore, it is "good business" to provide the user with
adequate information in the form of documentation, training (including practice
in the use of the system), briefings, and other customer-relation services.

Such services may include advice and consultation on procedures, organization,
and operations. s

A. OBJECTIVES

The mission of the Support and Turnover Activity is to prepare the user to
receive and operate the system, and to change his mode of operation as
needed to fit the new system.

In the User Documentation Phase, the objective is to develop and produce
a ret of instructional manuals that will best help the user to understand,
operate, and maintain the program system.

In the User Training and Assistance Phase, the objective is to ease the
user's transition into the new mode of operation. This is done by

(1) building or redefining his data stores and associated data-handling
procedures, (2) redefining work organization and procedures, (3) providing
assistance to create understanding of the system's capabilities and

(4) promoting acceptance of the new mode of operation.

In Turnover, the aim is to help the user demonstrate, to his own satisfac-
tion, that the system will operate as specified, and to support the user
with advice, guidance, and immediate trouble-shooting during the initial
period of system operation.

B. TASKS
For User Documentation, the tasks are:

1. Verify the completeness and accuracy of the program system specifica-
tions.
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2. Outline user documentation.
3. Preduce user documentation.

i, Obtain concurrence upon user documentation.

For User Training and Assistance, the tasks are:
1. Advise user on data collection and conversion activities.
2. Develop a user training plan.

3. Conduct training program for user's staff, operator and
maintenance personnel.

For Turnover, the tasks are:
1. Develop the Turnover Plan.
2. Conduct demonstrations.

3. Assist in the operational shakedown of the system.

Although the Project Leader must always plan on Project participation in
the Support and Turnover activity, the amount of work required will depend
greatly upon (1) the past experience of the user in applying ADP %o his -
operations, and (2) the extent and complexity of the interaction between
human operators and the ADP system. If the computer is used completely
off-line, and the user is familiar with ADP operations, Project personnel
will have to supply little support. However, if operation is completely
on-line and dynamic, and involves a completely naive user, much training
and support may be required.

User doclmentation is a particularly important deliverable product, since
the operation of the system will be very difficult to learn without ade-
quate descriptive material. To the extent possible, user documentation
should be adapted to the needs of each user. For example, a standard set
of documents for an off-line system may include using guides and procedures
for operators but an on-line, real-time syster requires much more documen-
tation of this type such as instructions for each different operating
position (sometimes called Positional Handbooks) .

At NAVCOSSACT, the user is responsible for a very important task, i.e., the
collection and conversion of data files to be used by the system, including
the formulalion of data collection and distribution procedures for use
during system operation. If the user is unfamiliar with ADP, however, he
may need considerable guidance in setting up files and establishing and
implementing procedures. Also, the inexperienced user may be unavare of
the stringent demands for precision, accuracy, and completeness in data to
i be used in computer systems. In such cases, the first compilation of data
% will probably not work without a great deal of editing and correction.
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A breakiown cf the data coilect.cn and conversion tasks expectsd of the
user is:

1. Determine the types, forms, and structures for data needed as
inputs for the ADP.

2. Identify the sources of the specified data.
3. Determine the volume and frequency of arrival of various data elements.

L. Determine or establish appropriate data collection procedures and
forms, for both the initial and ongoing collection of data.

5. Collect data.
6. Verify data accuracy and completeness.

7. Manually process data by entering them on data forms (properly placed,
scaled and arranged); by keypunching; by inspecting listings; and by
manmuslly controlling card files and listings.

8. Convert and store data in the specified storage medium, using the
camputer and computer programs provided for this purpose.

9. List stored data and inspect the results to verify the correctness
of the data as stored.

10. Turn over the converted data base files to operational personnel.
11, Prepare, if required, simulated data base files and other test data.

12. Cooperate in testing by inspecting the results of tests to detect
processing and data errors.

13. Specify requirements for data base load and maintenance programs.

Although the Turnover tasks stress the intangible activities such as
coordination, consultation, training, indoctrination, and communication,
the Turnover Plan may be accompanied by other tangible products, e.g.,
briefing documents, conference reports, test materials, and training
materials. At NAVCOSSACT, the Turnover Plan must be completed not later
than one month before the completion of Program Checkout.

On small Projects, the Project Leader or another Project .ember performs
the Turnover tasks, particularly ccordination, monitoring, and briefing.
Checkout personnel do the planning, design, production, and actual conduct
of demonstration tests. Usually analysts and programmers in the Project
train and indoctrinate user personnel. On a large project, however, and
especially one with many APP centers requiring multiple installation of

the program system, speciali Turnover or installation teams will be needed
to coordinate with the user, to adapt the program system (e.g., introducing
a nev data base for each location), to indoctrinate and train the user, and
to develop and conduct the demonstration tests.
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C. COMMINTCATION, COORDINATICN, AND COKTROL

Much of the support activity insures that the plans made by the user snd
the developer are integrated, and that the schedules are met. During the
User Documentation Phase, once documentation plans eare firm, the main
coordinntion task concerns changes to the system, i.e., to assure that the
statements in the documents are current and accurate.

For the data base work, Project personnel must insure design and schedule
campatability for ea:y combination of the program system and the data base.
Any decisions that extend or alter the basic data base design should be
promptly transmitted to the user so that he can reflect them as necessary
in the data base. Also, the responsibilities and work load of the data base
team--e.g., ease of data collection and conversion and availability of time
to respond to changes--must be considered in making any changes. Missing
data may seriously affect the data base design and impose unexpected re-
quirements on the programs. Again, equirment design that may differ from
that expected constrains data base manipulation; e.g., precision , speed,
and reliability of data handling may be reduced from that originally
specified. Data may have to be estimated or interpolated to obtain the
desired precision, or design requirements may have to be changed. These
situations point up the need for close coordination between the data base
and program design activities.

Turnover is a crucial rhase because the user may readily find fault with
the system unless he thoroughly understands it and accepts its limitations
as well as its advantages. This is a period of transition for the user.
From the familiar--the safe, secure, and stable, with introduction of a new
program system, he enters into the unknown and uncei*ain. He may be anxious
and ready to find fault with the system. To remove this uncertainty and
insecurity, the Turnover team must try to continue to communicate freely
and easily with him.

The Gantt Chart in Section 3 shows that the time interval for the Turnover
Phase overiaps, to a considerable extent, the intervals for the entire
2 Checkout Phase and even the final stages of the Coding Phase. If Turnover
5 18 handled by a separate team, their early work includes intense study of
the details in both the design and planned operation of the system. The
team uses this knowledge to plan the Demonstration test and to indoctrinate
the user.

In addition, Turnover personnel must adopt and maintain a system orientation,
i.e., they must understand and treat the system ag a unit, and they must

try to pass this orientation on to the user. While many of the minor opera-
tions of the aystem may go wrong or be found in error, these discrepancies

£ must be viewed and weighed within the framework of the total system.

G T P e e
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Although it is desiravple to forbii or defer lesign changes at t=is suage,
such changes may be needed and implemented, and consequently may disrupt
Turnover. A: an alternative to implementing such changes, a suggested
technique is to set up the "two-tape" system for the user (that he will
undoubtedly need after he assumes responsibility for program system mainten-
ance). In such a systeE-the basic tape is not changed, but all changes, e.g.,
changes in requirements or corrections of discrepancies, are introduced in

a follow-on version of the "system tape.” Then they will be ready for system
testing as soon as the prior version is released for provisional use. This
tvo-tape technique 1is also good for system maintenance and could be handed
over to the custamer with the system. Without the protection afforded by
this technique, the inexperienced user may introduce changes into the
operational version--changes that have not been thoroughly tested and so

may foul up his system, possibly at a crucial time in operations.

D. SUPERVISION

- The products that must be reviewed by the supervisor during the Support and
Turnover Activity are:

. Revisions of program specifications.

‘: + Plan for, outline of, and drafts of user documentation.
« Training plans.

. Turnover plans.
. System changes for both programs and date base.

. Support and Turnover activities demand frequent contact with the customer,
e.g., in the form of brisfings and conferences. To insure good customer
relations, as well as good performance in other tasks in this phase, the
Project leader may personally make these customer contacts.

E. COST FACTORS

Although the costs of the mechanics, i.e., writing, editing, and reproduc-
ing a document, are fairly well known, the separation of these costs from
the cost of doing the more creative part of documentaticn is not. That is,
the cost rules, unrealistically, assume that this mechanical production of
the document is done after or independently of the thinking and information-
gathering work needed to generate the information going into the document.
Since thig is not usually the case, the Project lLeader must estimate and
account for *hcce coats as well. If * . ~ rnatr “weve s surable, L-e costs
of uvhe creaiivu work would likely exceed those of production wourk.

o




The cost of Data Colilection snd Conversion itself depends largeiy upon the
spount, i.e., the total mmber cf i{tems, complexity, number of different
itsm types, the rate of change of data, and the number and accessibility of
data sources. Another factor that adds to the cost is the handling of
classified data. In a NAVCOSSACT Project, the cost of advising and monitor-
ing the data base activity will vary between one and sixteen man weeks,
depending upon the size and length of the data collection activity. Once

communication channels and procedures have been established, junior per-
sonnel can usually be assigned.

"Assisting the user in preparing (and conducting) a demcnstration test" can
be a costly cperation. Two factors have a heavy influence on costs;

(1) the user's inexperience with ADP, and (2) the dispersion and variation
of program system, e.g., in case it must be installed in several locations
with differing equipment and program configurations, envirommental condi-
tions, and system interfaces. A successful demonstration depends upon
thorough study of envirommental differences with emphasis upon current,
reliable, and detailed information. “Dry runs" prior to demonstrations
help to expose and eliminate many problems that might occui during the
Demonstration and also to expedite the education of users.

Costing such intangibles as coordination, consultation, and indoctrination
is difficult. Experience shows that any funds allotted to this activity
are profitably spent. Any lack of funds usually reduces the work on the
"soft" tasks, the educational and consultation efforts, while funds for the
"hard" tasks, actual Demonstration test development and running, remain
adequate. Such poorly balanced funding for Turnover results in a more
difficult self-indoctrination and shakedown period for the user. There-
fore, rather than risk customer dissetisfaction, 1t is best to budget time
and resources for coordination, consultation, and indoctrination.

SCHEDULES

In scheduling documentation, try to begin early enough to influence the
final production of program specifications and pace it to match the devel-
opment of the programs. During system testing, the availability of docu-
ments, even if only in rough draft form, is crucial. Polished, formal
documents should be delivered at the time of system demonstration and sign-
off as part of the delivered system. Of course, the documents will have
been revieved and approved before that date. On the other hand, during
system shakedown, minor discrepancies and inefficiencies may be uncovered
in both the programs and documents. Therefore, the format of the documents
should permit changes to be made to the delivered final versions of the

documents so that the system can begin operations with a "clean deck," in
both documents and programs.
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As implied earlier, close coordination of data base design ond meintenance

18 essential for compatible schedules. For example, the Data Collection

and Conversion task depends upor the data base design work. Also, if

"real" date fram the date bsse are to be used in program testing, delays in
data gathering ¢r difficulty in constructing the data files can slow testing.
Reallstic schediiles are important because delays during testing can endanger
the entire development cycle and little opportunity exists to add personnel,
since they would require education on the entire Project work to date. N

Turnover and Shakedown schedules may be endangered by all sorts of delays,
particularly in tasks involving interaction with the user. Coordination
itself takes time. For example, although the development of a training
curriculum is not usually a problem, securing sgreement with the user for a
tralining schedule may be. The Project Ieader should allow time for the
user staff to review and modify proposed schedules and for coordination of
all plans that involve user participation.

Best A\Ia\\ab\e Gopy
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USER DOCUMENTATION TASK 1
4
VERIFY THE COMPLETENESS AND ACCURALY OF THE PROGRAM SYSTEM SPECIFICATIONS
INPUTS SUBTASKS e .
Information 1. Collect copies of all previous system documentation
———— such as:
Details of the program and progream
system design specifications and » Preliminary Functional Description
requirements « Program system design specifications
+ Program design specifications
Data base designs « Program flow charts
« Data base design specifications
Changes to the system . Changes to the uvystem
2. Review documentation to insure 1ts accuracy and .
completeness and to evaluate its adequacy for use ¢
Ec_\nontu in the production of user documentation.
Preliminary Functional Deseription 3. Check with system and program design personnel to
be sure that documents are correct, complete, aud
Program system design specifications up to date.
Program design specifications Lk, List missing information and interview programming
and design personnel to obtain it. (
Data base design specifications
S5« Collate the documents and information collected and
Flow charts i produce drafts of specifications and flow charts that
reflect current information.
Desigr change documentation
6. Coordinate the revised specifications with the
appropriate programming personnel to verify the
accuracy of the information.
T. Incorporate corrections and clarifications into
the draft specifications.
JENVIRONMENT

Progremners and analysts in collecting program specification information and verifying its sccurecy and

completeness.

Dependent upon the timely ccmpletion and quallity of program documentation. ) o

Potential delay in getting current information from individual programmers.

Potential delay in the review and coordination of the revised specifications.

Potential delay in resolving last-minute program changes.
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DESCRIPTION

Verify the sccuracy and completensss of program system documentation, and produce drafts of curremt, up~to-date

specifications.
OUTPUTS COSTS
Informetion 1. Amount and complexicy of the previous
system documentiation,
Verification of the accuracy and completeness
of prograns system documentation produced as 2. Accurecy and completeness of the
working drafte documentation.
3. Number of changes tc be incorporaved.
Doctments ‘ 4, Numbar of reviews of coordination drafus.
Drafts of updeted specifications 5. Costing formula:

= =

Technical review: 20 pages per man day

Revise: 10 pages per man day

Collect Information: 2 days per document
plus 2 hours per
interview

Type: 20 pages per man day

At least two drafts of the revised
specifications should be expected,

Resources and Working Conditions
Technical editing and writing personnel.

ENVIRONMENT

Programuing specifioations often tend to be vague and incomplete, and subject to many undocusented changes.

L R o e
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USER DOCUMENTATION TASK 2

OUTLINE USER DOCUMENTATION

INPUTS SUBTASKS

Information 4s Review current drafts of program specifications, flow

chnrts, work sheets, and other documentation to determine

Details of program and program systam the scope and nature of the program system to be
design and data base design documented (see User Documentation Task 1).
Details of user documentation 2. If necessary, confer with uscr concerning his
requirements

documentation requirements to determine the number
and kind of documents to be produced and the way
in which the documents will be used.

Documents 3. Prepare outlines of the proposed user documents,
including:
Drafts of current program .
specifications + Staff Manual
. Technical Operations
Program flow charts » Program System Maintemance

L. Determine, if possible, the illuwstrations and charts
to be inclu'ed in the document.

5. Coordinate the outlines and illustration lists with
programuing and user personnel to insure completeness
and appropriateness.

6. Coordinate with techhical illustrators for elapsed
%ime and schedule considerations.

T. Plan the production of the user documentation,
including schedules and work estimates, and
identify sources of information and material.

8. Distribute the user document cutlines or
apecifications and production plans to the
appropriate peraons. °

ENVIRONMENT

Interactions and 108

Programars, to insure oompleteness and appropriatensss of dooume.ation outlines and plans.

User, to determine dooumentation requirements and the adequacy of proposed deoumentation. {
Dependent upon quality and availability of prior dowumentation.

Potential delay in determining user's requirements for documentation, if these are other than those normally
produced.

Potentia' delay in the reviev and coordination of plans,

o A RN L T S T O s T T
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DESCRIPTION
Determine user documentation requirements and the scope of the system, outline appropriate user documentation,

plan its production, and issue usex documentation specifications and production plans,

OUTPUTS COSTS
Informatioa 1. O5ize and complexity of the system.
Determination of user documentation requirements 2. Quality of prior documentation.
Specification of user documentation 3. Experience level of user in ADP
applications and required user's
Coordination of specifications and plans nanuals.
v Identification of contributors 4., HNumber of coordination and review
points for plans and outlines.
5. Costing formula:
¢ Documents
Approximately Lwo man weeks per user's
Outlines or specificaticns for user document, plus writing and editing costs
documentation of producing outlines and plans.
(Assumes each major function requiring
Schedules for production of user documentation one operator's attention results in one
. ‘ uger document such as a guide or handbook)

ENVIRONMENT
Resources and Working Conditions
Technical vriting sod editing capability.
. Programing documentation often inadequate and incomplete.

8 g S s e
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USER DOCUMENTATION TASK 3
PRODUCE USER DOCUMENTATION
INPUTS SUBTASKS
Information 1. Asaign perascnnel to the writing, editing, and
illustration of the user docum:tt.mion. ’
Details of progranm systea and data
base design 2. Coordinate the production of the different parts
of the user documentation to ensure that schedules
User docuzentation requiremsnts are met and that document contents are compatible.
Formats and outlines of user 3+ Write introductory and integrative material to insure
documents cohesion and continuity in the document.
4. Prepare indexes and glossaries as needed.
Documents
_—— 5. Collect, edit, and integrate drafts oi the various
Prior system documentation parts of the user documents.
Current drafts of progras specifications 6. Prepwre coordination drafts of the user documents
and circulate them for review and coordination by
Outlines and specifications of user users and program  development personnel.
docuasntation
T+ Collect commentary and revise user documentation to
Schedulss for the production of user produce final concurrence draft.
documentation
8. Coordinate the production of the user documents with
Turnover personnel to determine training and demonatration
requirements for user documentation and to arrange for
the practical evalustion of user documentation during
demonstration and shakedown,
9. Coordinatn the mechsnical production cf the document
to insure schedules ere met,
ENVIRONMENT
nteracti s

the documsnts.

Potential delay in reviev and coordination of drafts.

e L o SRR
e

potential ﬂ in changes to the documentation to incorporgte Prograg changas:

Programmers and analysts, on producing portions of the user docussntation end coordinating drafts.
User personsal, in the reviev and coardination of draft documente.
Turnover personnsl, in detersining training and demonstration requirements and arranging for evaluation of

Dependent upon the timely conpletion and delivery of the parts of the docusentation produced by many contributors.

v Vit s gt
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DESCRIPTION
Perform the technical writing and editing necensary to produce user documentation, coordinate the production of

material by many contributors, and verify the adequacy and accuracy of the results,

OUTPUTS COSTS
Information 1. Size and complexty of the system.
Desoriptions of the operating system capability 2. Size and complexity of individual programs.

for the nontechnical reader
3. Quality of prior documentation.
Deecriptions of the computer equipment and :
associated input/output equipment for this L, Number of different manuals to be produced.

program system
» 5. Number of changes that appear.
Descriptions of the program system that will :
pernit cther programmers to maintain the eystem 6. Number of cocrdination and review points,
. T. Coating formuls:
Documents Drafting rate: 3-5 peges per man day
Technical review: 20 pages per man day
Staff Manual BEdit: 50 pages per man day
Revise: 10 pages per man day
Technical Operations Type: 20 pages per man day
( illustrate: 2 pages per man day

Prograr Maintenance Manual
One may expect 10-35 pages of .locumentation
pear 1000 machine instructions.

At least two drafts (i.e., two iterations
of the last steps above) should be expected.

= =

Resources and Working Conditions

ENVIRONMENT

TS e ey 4

Technical writing, illustrating, and editing ocapability.

C’ Acourete and cowplete information on program system operations and system content mandatory.

S S, AT W SR,
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USER DOCUMENTATION TASK 4

OBTAIN CONCURRENCE ON USER DOCUMENTATION

INPUTS SUBTASKS
. Information l. Distribute concurrence drafits to user, Turnover, and
other pe.sonnel whose concurrence on the user
User documentation requirements documentation is required.

2. If possible, arrange for trial use of user
documents during system tests, user training,

Documents and demonstration tests.
Concwrrence drafts of user 3. Arrange, if necessary, to hold a concurrence .
document 8 conference on user documents with ths user

and other appropriate personnel.

4, Collect commentary, produce revisions, and coordinate
the revised drafts with the user, continuing this
process until satisfactory documentation is produced.

__(\P' A

ENVIRONMENT

Interections and ie8

User snd other appropriate persomnel, in the reviev and concurrence on user documentation.

Systes test and Twnover persoanel in the practical evaluation and use of the user documentation. (
Depsndent upon timely completion of production and coordination of final concurrence draft.

Potential dalay in arrenging for concurrence conference and in obtaining revievs of the documents by user

personnal.

Potential delay 1in srrenging amd oconducting practioal trial use of the documsnts,
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DESCRIPTION

Coordinate the final drafts of user documentation with the user and other appropriate personnel to chtain their

approval and concurrence on the documentation, and, if possible, submit the documentation to a practical trial

prior to final distribution.

OUTPUTS
Information
Concurrence on user documents

Assurance of adequacy, through practical
trials

Docunents
Final, comowrred-on draft of user documents

l.

2.

3.

= =

COSTS
Size and complexity of user documents.

Runber of reviev and coordination personnel
involved.

Number of practical trials attempted.

Rosources

ENVIRONMENT

Services of senior technical people are required in the coordination and concurrence conference,

RS 3 N R




SR T

e N

B R TR S

10 May 1965

162 ™-2314/000/00

USER DOCUMENTATION TASK 5

PUBLISH USER DOCUMENTATION

INPUTS SUBTASKS

Information 1. Schedule final production of the user documents.
Reproduction and format requirements 2, Edit and revise user documents to include features
for user documentation specified during the concurrence procsedings.
Distribution lists 3. Incorporate changes and modifications to reflect

errors and deficiencies detected during demonstration
Schedules and shakedown.
Errors to be corrected 4, Perform and coordinate final typing, editing, and

reppoduction of the documents.

5. Deliver (distribute) the documents to the prescrived
Doouments distribution list.
Concurred=on drafts of user documsnts
Error reports
ENVIRONMENT

Interactions and {08

dooummrtse.

Potential delay in incorporating many system changes.

Qeproduction and distribvution facilities, in arranging the final reproduction and distribution of the

Turnover and user personnsl, to correct srrors and deficiencies in the documenta detected during
damonstration and shakedoxm, and to reflect the latest sysiem changes.

Dependant upon the timaly oocmpletion of the concurrence procedures.

Fotential delay in correcting documsntation for errors and deficiencies deteoted during shakedown,
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DESCRIPTION

Produce and distribute the user documents, modified to reflect the latest changes and corrections in the

systeu,

OUTPUTS
Docuaents

Final copies of user documents

= =

ll

2,
3.
b,
5

COSTS
Runber of document changes required to
reflect error corrections and system
changes .
Size of user documentation.
NMumber of copies.
Format and degree of polish.

Costing formula:

See Costing formula in User Documemtation
- Task 3. These rates will be accolerated,
influenced by the factors above.

= T=__

Resources and Working Conditicos
Technical vriting and editing ocapsbility.

Mgorous planning and scheduling to include all last-aminute changes and to deliver documsnts on tims,

ENVIRONMENT

N b PR iR ST A3 b s R et
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USER ASSISTANCE TASK 1
ADVISE USER ON DATA COLLECTION AND CONVERSION ACTIVITIES

INPUTS
Information ’
Data base design
Date requiresents

Data gathering and conversion
techniques

Systen design and functional
requirenents

System eavironment

Data collection plans, schedules,
procedures, forms, and assigoments

Data descriptions
Program test data requirements

Data gathering and conversion progress

Documents

Planning Estimate
Project Development Plan
Prelininary Punctional Description

Reports on data analysis and
analysis of the wser's enviroment

1.

2.

3.

Se

60

T

8.

9'

10.

SUBTASKS
Inform the user of hies data gathering and conversion
responsibilities. Assist user to:

Evaluate the usefulness of existing data files.
Prepare data-gathering forms and procedures,

Identify sources of system data.

Explain data-gathering requirements to data suppliers.
Establish criteria for accuracy and completeness of
collected data,

Advise user of delays and difficulties likely
to be experienced in collecting data from a large number
of organizations.

Compare the user's data collection plans and schedules,
data descriptions, and statement of products with the
Project's statements of system requirements, program
designs, and achedule deadliries to detect discrepancies.

Expedite the clarification and correction of ambiguities
and conflicts in descriptions, designs, and schedules,
and advise the user and developer on the adequacy of
plans.

Advise user on the speed, accuracy, and cost of various
techniques of converting data, and on establishing
procedures for the maintenance of data files, {.e.,
siding, correcting, and purging date.

Coardinate this advice given to the user vith other
systea analysis, design, and development activities,
aud keep he project intorwmed of tha progress of
the date~gathering and comversion activities.

Asitet in obtaining data for program and system tests
from the user's data files.

Coordinate data base design changes that might arise
during either data collection and conversion or program
implementation.

Assist Turnover personneal in obtaining dats for
briefings, demonstrations, and training for system users.

Evaluate the quality and adequacy of the data bdase
products that the user produces and advise him ~n their
iaprovement.,

Intarections and noies

ENVIRONMENT

User data oollection apd conversion perconnsl, on all aspects of their tasks.

Program And system test personnel, on test data requirements end arrangements.

Turnover parsonnel, ou democnstration and tvaining plans and data base needs.

Dependent upon timsly dalivery of eystem designs, prograa and system test plans, implementation and turnover plans.

Potential dalay in not

for systam testing or turnover We.

ting user to bagin data collection and conversion task in time to prepare data files

Potential dalay in the reviev and evaluation of data base products, and in the coordination of data base plaus

and designs and data base changes.
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DESCRIPTION

Inform the user of his responsibilities for the collection and conversion of data, assist him in preparing

to collect the data, advise him on the technical aspects of the task and the adequacy of his products, and
coordinate and integrate the plans and designs of the system development activity and the user's data collection

and conversion activity.

COSTS
1. Degree of knowledge of data base requirementa.

OUTPUTS

Information
Advice to the user on data-collection and 2. level of experience and sklll of user ir the
conversion techniques collection and conversion of data.

3. Degree cf close oooperation and rapport with

Coordination of data-collection activities with
the user.

system implementation activities
L. 8ize and complexity of the system end tie

Arrangements for use of data for program and system
assoclated data basge.

) test and demonstration purposes
coordination of data base changes 5. Degree of knowledge and understanding of user's
terminology and environment.
d Assurance of quality in data base products
6. Degree of dispersion of data sources, security

classification of the data, and other condi-
tions that might create problems of data
accessibility.

Arrangements for briefings and other transmissions
of information

T. Degree of dependence on sample data froam the

v Documents
C data bage to be used in checkout and turnover.
Progress reports ,
8. Degrea of user recognition of the need to
Technical memorands to the user to provide technical communicate his plana, schedules, and stawo
sdvice and assistance of progress.
Technical wemoranca to the Project to coordinate 9. Coating formule:
the details of dats base structure and changes

. thereto Part-time Job for one analyat, not requiring
senior persenrel beyond the initiel establishe
ment of channels and evaluation of plans.

GCross estimate: One-quarter time for gystes
analyst for the duration of the project,

= = = =

ENVIRONMENT

R s AR A 1 e e - i

it

Resources and Working Conditions

Requires the good will and cooperation of user data callection mnd sonversion personnel.
Knowledge of user's tarainology and environment.
‘ Knovledge of the systesm and tha impact of data changes upon it.

el T R LT NN

One aystea analyst, part tise.
Staff and sdvisory work requires meny outalde contacts and interactions vith Project personnel.
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USER ASSISTANCE TASK 2

DEVELOP USER TRAINING PLAN

INPUTS SUBTASKS

Information 1. Review all Project products and documents for the user
to determine fully the details of the system and the

Details of program system content and user's operating concept for the system,

operations

2. Determine the amount of change there will be in the

Details of user’s operational concept user's operations (i,e., hov much the new system differs

and enviromment from the old) and estimate the requirements for training
and indoctrination in the use of ADP.

Characteristics of personnel to be

trained 3. Interact and advise the user in determining the extent
of the training required, and cooperate with him in the

Level of training required production of a training plan.

Program testing plans L, Determine the characteristics of those to be trained
such as present and future duties, level of ADP

Demonstraiion test plans experience, educational levels, and general level

of capabilities,

5. Determine the training requirements necessary to

Nocument.s preparc for system testing and demonstration testing.
Plans and schedules 6. Flan, vith the user, a curriculum and schedule that
will cover the content and bring the operators and
System requirements and design documents staff up to the required levels of proficiency.
Preliminary Functional Description . Produce and coordinate the training plan with those
who will be producing training materials and acting
Drafts of user documentation as lecturers and instructors.

ENVIRONMENT
Interactions and Interfaces
Users, o treining requirenents and advice on the production of the training plan.

Project persounal, to deternine system content and xystem test treining requiremsnts and to arrenge for
saterials and teaching assistance.

t upon socurate {nformation o system content and operation and user's operating concept and level

Depsnden

of experienpe.

Potential delay in contacting appropriate and respoosivle user personnel.
votantial delay in reviev, coordination, and concurrence upon training plan.

g
f
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DESCRIPTION

Interact with the user to determine training requirements, and assist him in planning and scheduling training that

will belp his personnel ¢o adjust to changes in operational concept, and also t prepare for system testing end

demonstration testing activities.

QUTPUTS
Informstion

Training roquirements

activities with training

Assistance to user in planning to train his
operators

Docunents

Training plans

Coordination of system tes:ing and demonstration

2.

3.

5'

6.

COSTS
Size and complexity of the system.

Number of locations where training must be
conducted.

Level of exparience of user persoannel in ADP.

Number and variety of positions and operators
to train for.

Level of experisnce of Project personnel
in training and planning to train for a new
system,

Extent of difference between the operations
and activities of the old system and the new.

= =

Resources and Working Conditlons

ENVIRONMENT

Normally, senior snalysis and design personnel are required for user ccntacts and training requirements analyais.

Writing, editing, and duplication necessary.

Some educational and training expericnoe.

Bl s,
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Sapen,

USER ASSISTANCE TASK 3

CONDUCT TRAINING PROGRAM FOR USER'S STAFF, OPERATORS, AND MAINTENANCE PERSONNEL

INPUTS SUBTASKS
Information 1. Determine characteristics of personnel 1o be trained
such as their organizational units, responsibilities
Turnover plans (present and futurs), and previous ADP experience.
Danonstration test plans 2. Prepare training materials including curricula,
briefings and lectures, textual materials, audio-
User eoviromment and operations visual displays, and experience with actual equipment.
Total system schedules and plans 3. Coordinate classroom requirements and audivevisual '
support such as projectors and stands.
User training plans
L, Arrange for the publication and distribution of
Mvailability of space and computer training manusls and other materials. .
tine f0r required ‘reining
5. Conduct classes,

System design and operations
6. Conduct debriefing sessions after the demonstration
test,

Documents T. Consult RAVCOSSACT treining for personnel for advice and training i
materials and coordinate training materials with them. :

Syetam design docwmentation

User enviromment docusantation

Schedules

Turnover Plan

Demonstration Test Plan

= &

ENVIRONMENT
Interactions and Dependencies .
Users on treining plans and matarials.
NAVCOSSAOT training personnel, for advico on training sids and techniques and reviev of plans. (7

Project members for subject matter.
Potential delay in determining training needs.

Potential delay in obtaining user cooperation in the preparstion of materisl and the scheduling of classes
and demonstrations.

ey o AR R AT 1 Tk P
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DESCRIPTION

Train user personnel to interpret inputs and outputs, to prepare inputs, to control the computer and program

system, and to maintain the program system,

OUTPUTS
Information
Briefings
Loctures
Seminars
Bxercises
Training plans
Evaluation of the state of training
Training requirements

Documents

Training aids
Training manuals

Lecture notes

1'
2.
3.

Se

Schedules

Status reports

6'

- =

COSTS

Size and complexity of system,
Number and variety of personnel to be trained.
Number of installations to be indoctrinated.

Number of lectures and demonstrations
delivered.

Number of operstor positions to prepare
material for, volume of inputs each position
prepares, number of outputs to interpret,
and number of actions that may be taken.
Costing formula:

Estimsic ranges from 4 to 16 man weeks.

ENVIRONMENT

Resources and Working Conditions
Xnovledge of system and its operetion,

Knoviedge of user and his operstions,
Experience vwith curriculus development and teaching.

Duplication, graphic arts, technical writing, and other sdministretive support needed.
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TURNOVER TASK 1

DEVELOP THE TURMNOVER PLAN

INPUTS

SUBTASKS
Information 1. Document the user's requirements for orientationm,
training (see User Assistance Task 2), phaseover,
Plans from prior program development awd deliverable products,

activities

2, Determine the user's plans for the Demonstration Test
(see Turnover Task 2) and coordinate thuse plans with
the personnel that will assist in the Demonstration.

Plans from the user Jdata collection
and conversion activity

Plans from program testing activity 3. Advise the responsible user personnel on turnover and ’
shakedown proceduree.
5 User requirements for testing, dewon-

stration, and products k.,

Verify schedules for the availability of operational

equipment, the data base, and all personnel involved .
Information on user environment in the Turnover activity.

Feedback from user on prior and Se

Reviev and coordinate the drafts of the user documenta-
present plans

tion and the Turnover Plan with the Turnover personnel,

6. Identify all agencies that will interact during turnover
and shakedown and coordinate the Turnover Flan,

i P R ¢ T D TR T AT P T I S

Documents
T. Assist user personnel in reviewing the Turnover Flan
Plans and schedules and revise and publish the final version.
Systen requirements and design documents
H 8. Prepare the statement of project completion for
Data base design snd data definition review and signature,

documents

s gt o, e AR

Isplemeutation Plan
¥ Project Manual (drafts)

H Progress reports from prior activities,
data collaction and couversion, program
test

rem 5

P g 5 =

ENVIRONMENT

l Intersctions and Dependencies
User on requiremsnts and plans,

Project mesbers on requiremsnts and plans for turnover,
Coordination personnsl on Turnover Plan,

Potential delay in contacting appropriate and responsidle user personnsl.
Potential delay in getting user to formulate Turuvover Plan.

Potential delay in coordination, reviev, and concurrence of Turnover Plan.
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DESCRIPTION In cooperation with the user, determine the phaseover requirementa from current operations to the new
system, including training, orientation, and demonstrstions, and prepare plans to satisfy these requirements,
including lists of turnover products, needed briefings, training and indoctrination efforts and procedures

to demonstrate the successful operation of the system.

OUTPUTS CosTS
Information 1., 8ize and complexity of system,
Turnover requirements 2. Number of locations to be installed,
Turnover plans 3. level of user experience in ADP,
Assistance to user in turnover planning L, level of experience and skill of Project
personnel for planning and doing *urnover
Briefings tasks,
5. Degree of rapport with user.
Documents 6. HNuaber and variety of agencies involved in
turnover plans and activities,
Turnover Plan, including delivery schedule for

the complated program system and supporting
documentation

Coordination memos and letters

= =

ENVIRONMENT
Resources and Working Conditions

Senior personnel required for user contacts,
Writing, editing, and duplication necessary,
Personal contact, analytic adbility required.

Intensive contsct vith user on his plans and requirements.
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TURNOVER TASK 2

CONDUCT DEMONSTRATION
INPUTS SUBTASKS
Information 1. Identify user personnel responsibvle for demonstration
I —— and estimate level of system knowledge and experience
Test plans and procedures in system testing.
Turnover plans 2, Provide documents on system test design, sample tests,

and test results to user personnel.

System requirements and design -
3. Reviev user plans and schedules for the demonstration

Demonstration test plans test (see Turnover Task 1),

User environment analysis L, Produce or assist in the production of system test
material required for the demonstration test.
Denonstration test desigus

5. Brief the participating personnel on the objectives
User demonstration test requirements and procedures of the demomstration.

Progran test results 6. Dry run the entire test if time permits.
7. Conduct the test and document the results,

Documents 8. Debrief the personnel that attended and participated in
the dmmonstrations.

The Turnover Flau
The Program system on cards and tape

Scripts, aids, dvmmy inputs, data base
tapes, and otber materials

System requiremsnts and design documents

Progras test plans, requiremsnts, and
design documsnuts

Drafts of user documentation

. ENVIRONMENT
Interections and Dependanciss

User on dewonstration plans and assistance.

Project personmsl ou participation in tests,

Dependent upon sucoessful and timely completion of system tests.
Potenticl delay in making final arrengssents with user.

-~
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DESCRIPTION

Prepare for and conduct the demonstration test of the system jointly with user personnel,

OUTPUTS COSTS
Information 1., Size and complexity of system to be tested,
Briefings 2, Number and extent of demonstration tests
to be run,

Final preparations snd plans
3. Level of experience of user personnel in
Debriefings conducting system tests aud applying ADP
to their operations,

4, Costing Formula:

Documents
Final preparation and actual conduct of the
Detailed schedule test for a systea of moderate size should take
an elapsed time of about one week, One or
Reports on dsmonstration results more dry runs, especially if associated with
operator training, may add one or more weeks
to the schedule,
Estimate about two man weeks for system of
about 10,000 to 20,000 instructions.

= = - =

ENVIRONMENT
Resources and Working Conditions
Mequires skill in persomsl relatisns,
. Kaowledge of user's operation and ability to understand user's point of viev.

Experience and skill in system test techaiques.
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TURNOVER TASK 3

ASSIST IN THE OPERATIONAL SHAKEDOWN OF THE SYSTEM

5 INPUTS SUBTASKS

Informaticn 1, Monitor the initial period of operation of the system

. to detect malfunctions and inefficiencies and to

; Detailed knowledge of the progran system evaluate the performence of the system.

Detailsd knowledge of user's operation 2, Interact with operational personnel to give advice,

and environment answer questions, and clarify errors and misconceptions

i concerning the system,

g Knovledge of program tests and test

requirements #3, Establish procedures for reporting suspected program
malfunctions, including the details of what and to whom
to report,

¢ Documents 4, Receive and investigate reports of program malfunctious

: from the user. determine the precise conditions

i Program specifications surrounding tue suspected malfunction and

¥ vhether the malfunction is due to a program error, an

¢ Preliminary Functional Description operator error, an equipment failure, or a misunderstood

specification,

‘ User documentation

i S. Transmit reports of malfunctions suspected of being a

H Progran and system test plans and program error to the responsible programmers, along with

! results as much supporting evidence and surrounding details aas

poesible, for a more searching diegnostic rua,

! 6. Identify reported malfunctions as either:

&, @an error in programming, that is, the requirerents
. were understood, but incorrectly implemented; or,

b. an error in logic, that is, the requirements were
not understood, and therefore were incorrectly
implemented.

e P e R At e

7. Estimate the cost of making the necessary changes and
coordinate & plan for implementing the
changes with NAVCOSSACT management and the user.

8. Install, test, and further shakedown any modifications
to the program made during the shakedown period as &
result of design change requests, and correction of
errors.

*Steps 3 through 8 constitute & typical procedure for

ENVIRONMENT

§ | Intersctions and Dependencies

3 Operstional personnsl, in giving advice and monitoring the operation of the systea.

User personmel, in reviewving and evaluating suspected malfunctions,

Project persounnsl, in correcting errors and in processing requests for major changes.

Dependant upon the quality of the debugging and testing achioved, and degree of adherence to system specifications.
Poteuntisl delays in educating operstors to distinguish between their own and progrem errors.

Potential delay in trensaitting reports of malfunctions to progremmers and getting corrections mads and checked out.

. [PV - VU A S
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DESCRIPTION
Monitor the operation of the system during the shakedown period to detect and correct malfunctions

in the programs, and to assist the user in lsarning to use and understand the system,

OUTPUTS COSTS
Information 1, 8ize and complexity of system.
Detected malfunctions 2. Quality of delivered system and
documentation,

Operator training
3. Iavel of operator training.

Procedures for reporting and correcting

mlfunctions 4, Degree of change from prior operaticns,
Improved customer relations 5. Number of locations involved in shakedown.
Documents

Reports of suspected mslfunctions
Design change requests

nents on the handling of system
modifications

=~ = =

ENVIRONMENT
Resources and Working Conditions

Detailed knowledge of system operetions and user's environmsnt,
ki1l in persomal relations,

8x111 1o detecting and correcting program malfunctions.

Many contacts vith user and system operators.

Shakedown i & period of considersdls anxiety and uncertainty as operators learn to use the system and as
errors are dstectad, not only i the programs, but in procedures and ¢quipment,

Pericd likely to be one of recurring emsrgeccies and conferences to seek solutions to problems and ummuuwng._
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